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(54) Polyhydroxyalkanoate, method for production thereof and microorganisms for use in the 
same 



(57) A polyhydroxyalkanoate having a monomer unit composition represented by General Formula (1 ): 



A m B (1-cn) 



(1) 



wherein A is represented by General Formula (2), B is at least one selected from the group consisting of monomer 
units represented by General Formula (3) or (4), and m has a value of 0.01 or larger and smaller than 1 : 
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(3) (4) 

wherein 

n has a value of 0 to 10, k has a value of 3 or 5, and R is at least one group selected from the group consisting of 
groups represented by General Formulae (5) to (7): 



R2 




(5) (6) (7) 



in Formula (5) 

R1 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and q is an integer selected from 1 to 8; 
in Formula (6) 

R2 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and r is an integer selected from 1 to 8; 
in Formula (7) 

R3 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and s is an integer selected from 1 to 8. 

The efficient production methods are also provided. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001] The present invention relates to a novel poly hydroxy alkanoate (PHA), a method for production of such PHA 
and microorganisms for use in the same. 

io Related Background Art 

[0002] Synthetic polymers derived from petroleum have been used as plastics etc. for a long time. Recently, the 
treatment of the used plastics has become one of serious social problems. These synthetic polymers have advantages 
of hard-to-decompose have been used in the place of metal or glass materials. On mass consumption and mass 

15 disposal, however, this feature of hard-to-decompose makes them accumulated in waste-disposal facilities, or when 
they are burned, it causes increased carbon dioxide exhaust, and harmful substances such as dioxin and endocrine- 
disruptors may be generated to cause environmental pollution. On the other hand, polyhydroxyalkanoates (PHAs) 
produced by microorganisms (hereinafter referred to as "microbial polyester") represented by poly-3-hydroxy butyric 
acid (PHB) can be used as the conventional plastics to make various kinds of products with melting processes etd., 

20 and can be decomposed by organisms unlike oil-derived synthetic polymers. Therefore, the microbial polyester is bio- 
decomposed and thus incorporated in the natural material cycle when discarded, and would not remain in the natural 
environment to cause pollution unlike many conventional synthetic polymer compounds. Furthermore, since the mi- 
crobial polyesters do not require incineration processes, they are also effective in terms of prevention of air pollution 
and global warming. Thus, they can be used as a plastic enabling environmental integrity. In addition, the application 

25 of the microbial polyesters to medical soft members is under consideration (Japanese Patent Application Laid-Open 
No. 5-159, Japanese Patent Application Laid-Open No. 6-169980, Japanese Patent Application Laid-Open No. 

6- 169988, Japanese Patent Application Laid-Open No. 6-225921 and the like). 

[0003] Heretofore, various bacteria have been reported to produce and accumulate PHB or copolymers of other 
hydroxyalkanoic acids in the cells ("Biodegradable Plastics Handbook", edited by Biodegradable Plastics Society, is- 
30 sued by NTS Co. Ltd., P1 78-1 97, (1995)). It is known that such microbial PHAs may have a variety of compositions 
and structures depending on types of the producing microorganisms, the composition of culture media, culture condi- 
tions and the like, and up to now, studies regarding the control of these compositions and structures have been carried 
out to improve the properties of PHA. 

[0004] For example, Alcaligenes eutropus H1 6 (ATCC No. 1 7699) and its mutant strains reportedly produce copol- 
35 ymers of 3-hydroxy butyric acid (3HB) and 3-hydroxy valeric acid (3HV) at a variety of composition ratios according to 
the carbon source in culture (Japanese Patent Publication No. 6-15604, Japanese Patent Publication No. 7-14352, 
Japanese Patent Publication No. 8-19227 and the like). 

[0005] Japanese Patent Application Laid-Open No. 5-74492 discloses a method in which the copolymer of 3HB and 
3HV is produced by bringing Methylobacterium sp., Paracoccus sp., Alcalugenes sp. or Pseudomonas sp. into contact 
40 primary alcohol having 3 to 7 carbons. 

[0006] Japanese Patent Application Laid-Open No. 5-93049 and Japanese Patent Application Laid-Open No. 

7- 265065 disclose that two-component copolymers of 3HB and 3-hydroxy hexanoic acid (3HHx) are produced by cut- 
turing Aeromonas caviae using oleic acid or olive oil as a carbon source. 

[0007] Japanese Patent Application Laid-Open No. 9-191893 discloses that Comamonas acidovorans IFO 13852 
45 produces polyester having 3HB and 4-hydroxy butyric acid as monomer units in culture with gluconic acid and 1 ,4-butan- 
diol as a carbon source. 

[0008] Also, in recent years, active researches about PHA composed of 3-hydroxyalkanoate (3HA) of medium-chain- 
length (abbreviated to mcl) having up to about 12 carbons. Synthetic routes can be classified broadly into two types, 
and their specific examples will be shown in (1) and (2) below. 

50 

(1) Synthesis using p-oxidation 

Japanese Patent No. 2642937 discloses that PHA having monomer units of 3-hydroxyalkanoate having 6 to 
12 carbons is produced by providing as a carbon source aliphatic hydrocarbon to Pseudomonas oleovorans ATCC 
29347. Furthermore, it is reported in Appl. Environ. Microbiol, 58(2), 746 (1992) that Pseudomonas resinovorans 
55 produces polyester having 3-hydroxybutyric acid, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid and 3-hydrox- 

ydecanoic acid at a ratio of 1 :1 5:75:9 as monomer units, using octanoic acid as a single carbon source, and also 
produces polyester having 3-hydroxybutyric acid, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid and 3-hydrox- 
ydecanoic acid (quantitative ratio of 8:62:23:7) as units, using hexanoic acid as a single carbon source. Herein, it 
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is assumed that 3HA monomer units having longer chain length than that of the starting fatty acid are made by 
way of fatty acid synthetic route that will be described next in (2). 
(2) Synthesis using fatty acid synthetic route 

It is reported in Int. J. Biol. Macromol., 1 6(3), 119 (1 994) that Pseudomonas sp. 61 -3 strain produces polyester 
5 made of 3-hydroxyalkanoic acids such as 3-hydroxybutyric acid, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, 

3-hydroxydecanoic acid and 3-hydroxydodecanoic acid and 3-hydroxyalkenoic acids such as 3-hydroxy-5-cis-de- 
cenoic acid, 3-hydroxy-5-cis-dodecenoic acid, using sodium gluconate as a single carbon source. 

[0009] By the way, the biosynthesis of PHA is usually carried out by a PHA synthase using as a substrate "D-3-hy- 
10 droxyacyl-CoA H occurring as an intermediate of a variety of metabolic pathways in the cell. 

[0010] Herein, "COA" means a "coenzyme A". And, as described in the prior art of the above (1), the biosynthesis 
of PHA is carried out with M D-3-hydroxyacyl-CoA" occurring in the "p oxidation cycle" being a starting substance in the 
case where fatty acids such as octanoic acid and nonanoic acid are used as carbon sources. 
[001 1] Reactions through which PHA is synthesized by way of the "(3 oxidation cycle" will be shown below. 



20 
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3-hydcoxyacyl-CoA 
epimerase 



OH 

PHA Synthase 



<D-3 -hydroxy acyl-CoA) 



poly (D-3-hydroxyalkanoate) 



[001 2] On the other hand, as described in the prior art of the above (2), in the case where the PHA is biosynthesized 
using saccharides such as glucose and the like, the biosynthesis is carried out with M D-3-hydroxyacyl«CoA" converted 
from "D-3-hydroxyacyl-ACP" occurring in the "fatty acid synthesis pathway" being a starting substance. Herein, "ACP" 
means a "acyl carrier protein". 

[0013] By the way as described previously, the PHA synthesized in both (1) and (2) described above is PHA con- 
stituted by monomer units having alkyl groups in side chains. However, if a wider range of application of the microbial 
PHA like this, for example an application as a functional polymer is considered, it is expected that PHA having various 



4 




EP1 113 033 A2 



substituents (for example phenyl groups) introduced in the side chain is significantly useful. With respect to the synthesis 
of such PHA, for the synthesis using (3 oxidation, a report regarding PHA having the aryi group and the like in the side 
chain can be found in, for example, Macromolecules, 24, p5256-5260 (1991). Specifically, it is reported that Pseu- 
domonas oteovorans produces polyester having 3-hydroxy valeric acid, 3-hydroxyheptanoic acid, 3-hydroxynonanoic 

5 acid, 3-hydroxyundecanoic acid and 3-hydroxy-5-phenyl valeric acid (quantitative ratio of 0.6:16.0:41 .1:1.7:40.6) as 
units in the amount of 160 mg for 1 L of culture solution (ratio in dry weight to the cell mass is 31 .6%), using 5-phenyl- 
valeric acid and nonanoic acid (mole ratio of 2:1, total concentration of 10 mmot/L) as a medium, and also produces 
polyester having 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, 3-hydroxydecanoic acid and 3-hydroxy-5-phenyl 
valeric acid (quantitative ratio of 7.3:64.5.3.9:24.3) as units in the amount of 200 mg for 1 L of culture solution (ratio in 

10 dry weight to the cell mass is 39.2%), using 5-phenyl valeric acid and octanoic acid (mole ratio of 1 : 1 , total concentration 
of 1 0 mmol/L). It is conceivable that the PHA in this report is principally synthesized by way of the P oxidation pathway 
due to that.fact that nonanoic acid and octanoic acid are used. 

[0014] As described above, in the microbial PHA, those with various kinds of compositions/structures are obtained 
by changing the type of microorganisms for use in its production, culture medium compositions, culture conditions, but 
15 if considering the application of the microbial PHA as plastics, they could not be sufficient yet in terms of properties. 
In order to further expand the range of the microbial PHA utility, it is important that the improvement of its properties 
are more widely considered, and for this purpose, the development and the search of the PHA containing monomer 
units of further diverse structures, its manufacturing processes and microorganisms enabling desired PHA to be pro- 
duced efficiently are essential. 

20 [001 5] On the other hand, the PHA of a type having substituents introduced in the side chain as described previously 
is selected in accordance with the property for which the introduced substituent is desired, thereby making it possible 
to expect its development as a "functional polymer" having very useful functions and properties resulting from the 
property and the like of the introduced substituent, and the development and the search of excellent PHA allowing 
such functionality and the biodegradability to be compatible with each other, its manufacturing processes and micro- 

25 organisms enabling desired PHA to be produced efficiently are also important challenges. 

[0016] Another example of such PHA having substituents introduced in the side chain includes PHA having the above 
described phenyl groups, and further phenoxy groups in the side chain. 

[0017] For another example of phenyl group, it is reported in Macromolecules, 29, 1762-1766 (1996) that Pseu- 
domonas oleovorans produces PHA including 3-hydroxy-5-(4-toryl) valeric acid as a monomer unit through the culture 
30 in a culture medium including 5-(4-toryl) valeric acid (5-(4-methylphenyl) valeric acid) as a substrate. 

[001 8] Furthermore, it is reported in Macromolecules, 32, 2889-2895 (1 999) that Pseudomonas oleovorans produces 
PHA including 3-hydroxy-5-(2,4-dinitrophenyl) valeric acid and 3~hydroxy-5-(4-nitrophenyl) valeric acid as monomer 
units through the culture in a culture medium including 5-(2,4-dinitropheny!) valeric acid and nonanoic acid as a sub- 
strate. 

35 [0019] Also, for an example of the phenoxy group, it is reported in Macromol. Chem. Phys., 195, 1665-1672 (1994) 
that Pseudomonas oleovorans produces PHA including 3-hydroxy-5-phenoxy valeric acid and 3-hydroxy-9-phenox- 
ynonanoic acid as units from 1 1 -phenoxyundecanoic acid. 

[0020] Also, it is reported in Macromolecules, 29, 3432-3435 (1 996) that Pseudomonas oleovorans is used to produce 
PHA including 3-hydroxy-4-phenoxybutyric acid and 3-hydroxy-6-phenoxyhexanoic acid as units from 6-phenoxyhex- 
40 anoic acid, PHA including 3-hydroxy-4-phenoxybutyric acid, 3-hydroxy-6-phenoxyhexanoic acid and 3-hydroxy-8-phe- 
noxyoctanoic acid as units from 8-phenoxyoctanoic acid, and PHA including 3-hydroxy-5-phenoxyvaleric acid and 
,3-hydroxy-7-phenoxyheptanoic acid as units from 11 -phenoxyundecanoic acid. Excerpts of yields of polymers from 
this report are shown in Table 1 . 

[0021] Furthermore, in Can. J. Microbiol., 41 , 32-43 (1 995), PHA including 3-hydroxy-p-cyanophenoxyhexanoic acid 
45 or 3-hydroxy-p-nitrophenoxyhexanoic acid as a monomer unit is successfully produced with octanoic acid and p-cy- 
anophenoxyhexanoic acid or p-nitrophenoxyhexanoic acid being a substrate, using Pseudomonas oleovorans ATCC 
29347 and Pseudomonas putida KT 2442. 

[0022] In Japanese Patent No. 2989175, a homopolymer constituted by 3-hydroxy-5-(monofluorophenoxy)pen- 
tanoate(3H5(MFP)P) units or 3-hydroxy-5-(difluorophenoxy)pentanoate(3H5(DFP)P) units and a copolymercontaining 
so at least 3H5(MFP)P units or 3H5(DFP)P units; Pseudomonas putida for synthesizing these polymers; and a method 
of producing the aforesaid polymers using Pseudomonas species are described. 
[0023] These productions are carried out through "two-stage culture" as described below. 
Time of culture: First stage, 24 hours ; Second stage, 96 hours 
[0024] A substrate and a resulting polymer at each stage will be shown below. 

55 

(1) Resulting polymer : 3H5 (MFP) P homopolymer 

Substrate at the first stage : Citric acid, Yeast extract 
Substrate at the second stage : 
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Monofluorophenoxyundecanoic acid 

(2) Resulting polymer : 3H5 (DFP) P homopolymer 

Substrate at the first stage : Citric acid, Yeast extract 
Substrate at the second stage : 
5 Difluorophenoxyundecanoic acid 

(3) Resulting polymer : 3H5 (MFP) P copolymer 

Substrate at the first stage : Octanoic acid or 
Nonanoic acid, Yeast extract 

Substrate at the second stage : 
10 Monofluorophenoxyundecanoic acid 

(4) Resulting polymer : 3H5 (DFP) P copolymer 

Substrate at the first stage : Octanoic acid or 

Nonanoic acid, Yeast extract 

15 

Substrate at the second stage : 
Difluorophenoxyundecanoic acid 

[0025] As its effect, a medium-chain-length fatty acid having substituents may be materialized to synthesize a polymer 
20 having phenoxy groups with ends of the side chain replaced by one to two fluorine atoms, and stereoregularity and 
water repellency can be provided while maintaining a high melting point and good processability. 
[0026] Also, PHA including cyclohexyl groups in monomer units is expected to show polymeric properties different 
from those of PHA including normal aliphatic hydroxyalkanoic acid as a unit and an example of production using 
Pseudomonas oleovorans has been reported (Macromolecules, 30, 1611-1615 (1997)). 
25 [0027] According to this report, when Pseudomonas oleovorans was cultured in a culture medium where nonanoic 
acid (hereinafter described as NA) and cyclohexylbutyric acid (hereinafter described as CHBA) or cyclohexyl valeric 
acid (hereinafter described as CH VA) coexisted, PHA including units containing cyclohexyl groups and units originating 
from nonanoic acid were obtained (each ratio unknown) 

[0028] About the yields, it is reported that quantitative ratios of CHBA and NA are varied with substrate concentration 
30 total of 20 mmol/L and results as shown in Table 2 were obtained. 

[0029] However, in this example, the yield of polymers per culture solution is not sufficient, and the obtained PHA 
itself has aliphatic hydroxyalkanoic acid coexist in its monomer unit. 

[0030] In this way, in the case where PHA with a variety of substituents introduced in the side chain is produced, as 
seen in the reported example of Pseudomonas oleovorans described previously and the like : a method is used in which 
35 alkanoate having a substituent to be introduced is used not only as a stock for the polymer but also as a carbon source 
for growth. 

[0031] However, for the method in which alkanoate having a substituent to be introduced is used not only as a stock 
for the polymer but also as a carbon source for growth, the supply of an energy source based on the production of the 
acetyl-CoA by p oxidation from such alkanoate is expected, and in this method, only a substrate having a certain degree 

40 of chain length is capable of producing acetyl-CoA by p oxidation, thus limiting alkanoate that can be used as a substrate 
of PHA, which is a major problem. Also, generally, since substrates with the chain length decreased by two methylene 
chains an after another are newly produced by the p oxidation, and these are captured as monomer units of PHA, the 
PHA that is synthesized is often a copolymer constituted by monomer units that are different in the chain length by two 
methylene chains one after another. In the reported example described above, a copolymer constituted by three types 

45 of monomer units, that is 3-hydroxy-8-phenoxyoctanoic acid originating from 8-phenoxyoctanoic acid which is a sub- 
strate, 3-hydroxy-6-phenoxyhexanoic acid and 3-hydroxy-4-phenoxybutyric acid which are by-products originating from 
metabolites is produced. In this respect, if PHA constituted by single monomer units is to be obtained, it is quite difficult 
to use this method. Furthermore, for a method premised on the supply of an energy source based on the production 
of acetyl-CoA by the p oxidation, the growth of microorganisms is slow and the synthesis of PHA requires lots of time, 

so and the yield of the synthesized PHA is often low, which is also a major problem. 

[0032] For this reason, a method in which, in addition to the alkanoate having substituents to be introduced, micro- 
organisms are cultured in the culture medium in which fatty acids of medium-chain-length and the like such as octanoic 
acid and nonanoic acid as the carbon source for growth, followed by extracting PHA is considered to be effective and 
is generally used. 

55 [0033] However, according to the study by the inventors, the PHA synthesized by way of the p oxidation pathway 
using fatty acids of medium-chain-length such as octanoic acid and nonanoic acid as the carbon source for growth 
has poor purity, and 50% or more of the polymers are made of mcl-3HA monomer units originating from the carbon 
source (for example, 3- hydroxy octanoic acid, 3-hydroxynonanoic acid and the like). These mcl-3HA units make poly- 
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mers adhesive at room temperature when they are sole components, and if they coexist in the PHA of the present 
invention in large quantity, the glass transition temperature (Tg) of the polymer is significantly lowered. Thus, to obtain 
hard polymers at room temperature, the coexistence of mcl-3HA monomer units is not desired. Also, it is known that 
such a hetero-side chain structure interferes intra-molecular or inter-molecular interaction originating from the side 

5 chain structure, and has significant influence on crystallinity and orientation. For achieving the improvement of polymer 
properties and the addition of functionality, the coexistence of these mcl-3HA monomer units raises a major problem. 
Means for solving this problem includes providing a refinement process to separate/remove "undesired" monomer 
units such as mcl-3HA monomer units originating from the carbon source for growth, in order to acquire PHA constituted 
by monomer units having only specified substituents. However, the problem is that operations are complicated and a 

10 significant decrease in the yield can not be avoided. A more serious problem is that if desired monomer units and 
undesired monomer units form a copolymer, it is quite difficult to remove only undesired monomer units. Particularly, 
in the case where the purpose is to synthesize PHA including monomer units having groups obtained from unsaturated 
hydrocarbons, ester groups, aryl groups, cyan groups, nitro groups, groups obtained from halogenated hydrocarbons, 
groups having epoxide and the like introduced therein as side chain structures, the mcl-3HA monomer unit often forms 

15 a copolymer with a desired monomer unit, and it is extremely difficult to remove the mcl-3HA monomer unit after PHA 
is synthesized. 

SUMMARY OF THE INVENTION 

20 [0034] The present invention solves the above described problems, and provides PHA including monomer units of 
diverse structures having substituents in the side chain, which is useful as device materials, medical materials and the 
like, and a method of producing such PHA using microorganisms, and particularly a production method in which the 
coexistence of undesired monomer units is reduced, desired PHA can be obtained in high purity and also in high yields. 
The present invention is also intended to provide strains enabling such PHA to be synthesized in high purity and with 

25 efficiency. 

[0035] According to one aspect of the present invention, there is provided a polyhydroxyaikanoate having a monomer 
unit composition represented by a general formula (1): 



wherein A is represented by General Formula (2), B is at least one selected from the group consisting of monomer 
units represented by General Formula (3) or (4), and m has a value of 0.01 or larger and smaller than 1 : 



35 



40 





45 




CH 
II 

CH 



50 



(3) 



(4) 



55 



wherein 



n has a value of 0 to 10, k has a value of 3 or 5, and 
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R is at least one group selected from the group consisting of groups represented by General Formulae (5) to (7): 




(5) (6) (7) 



in Formula (5) 

R1 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 
and -C 3 F 7 ; and q is an integer selected from 1 to 8; in Formula (6) 
20 R2 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 

and -C 3 F 7 ; and r is an integer selected from 1 to 8; in Formula (7) 

R3 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 
and -C 3 F 7 ; and s is an integer selected from 1 to 8; 

provided that following R are excluded from the choice: 
25 when selecting one type of group as R in the general formula (2): 

groups of Formula (5) in which R1 is H and q = 2, R1 is H and q = 3, and R1 is -N0 2 and q = 2; 
groups of Formula (6) in which R2 is a halogen atom and r = 2, provided that two components are selected 
as B from General Formula (3) or (4), R2 is -CN and r = 3, and R2 is -N0 2 and r = 3; and the groups of Formula 
30 (7) in which R3 is H and s = 1 , and R3 is H and s = 2; and 

when selecting two types of groups as R in General Formula (2), the combinations of two types of groups of 
Formula (6) in which R2 is a halogen atom and r = 2, and R2 is a halogen atom and r = 4, provided that one 
component is selected as B from General Formula (3) or (4). 

35 [0036] According to one aspect of the present invention, there is provided 5-(4-trifluoromethylphenyl)valeric acid of 
Formula (21). 



40 




0 (21) 

45 

[0037] According to another aspect of the present invention, there is provided a method of producing a polyhydroxy- 
alkanoate, comprising a step of culturing a microorganism capable of synthesizing a polyhydroxyalkanoate of which 
monomer unit is represented by Formula (1) from an alkanoate in a medium containing the alkanoate: 

50 

A m B (1 . m) 0) 

wherein A is represented by General Formula (2), B is at least one selected from the group consisting of monomer 
55 units represented by General Formula (3) or (4), and m is 0.01 or larger and smaller than 1 , 
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R 0 



(2) 

(CHJk 
l 2 
CH 
II 



Cll, <j!H 
(CHpnO CH 2 0 



(3) (4) 



wherein 



n is an integer selected from 0 to 10, k is 3 or 5, and 

R is at least one group selected from the group consisting of the groups represented by General Formulae (5) to (7) : 



R2 





o 




,(CH)q (CH 2 )r (CH)c 

35 / / / 2 

(5) - (6) (7) 



40 in Formula (5) 

R1 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and q is an integer selected from 1 to 8; 
in Formula (6) 

R2 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
45 -C 3 F 7 ; and r is an integer selected from 1 to 8; 
in Formula (7) 

R3 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and s is an integer selected from 1 to 8; 

provided that following R are excluded from the choice: 
so when selecting one type of group as R in General Formula (2): 

groups of Formula (5) in which R1 is H and q = 2, R1 is H and q = 3, and R1 is -N0 2 and q = 2; 
the groups of Formula (6) in which R2 is a halogen atom and r = 2, R2 is -CN and r = 3, and R2 is -N0 2 and r = 3; and 
groups of Formula (7) in which R3 is H and s = 1 , and R3 is H and s = 2; and 

when selecting two types of groups as R in General Formula (2), 
55 groups of Formula (6) in which R2 is a halogen atom and r = 2. 

[0038] According to a further aspect of the present invention, there is provided a process of producing polyhydroxy- 
alkanoate, comprising a step of culturing a microorganism capable of producing the polyhydroxyalkanoate utilizing 
alkanoate in a medium containing the alkanoate and a saccharide. 
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[0039] According to a further aspect of the present invention, there is provided a process of producing polyhydroxy- 
alkanoate, comprising a step of cutturing a microorganism capable of producing a polyhydroxyalkanoate utilizing an 
alkanoate In a medium containing the alkanoate and a polypeptone. 

[0040] According to a further aspect of the present invention, there is provided a process of producing polyhydroxy- 
5 alkanoate comprising a step of culturing a microorganism capable of producing a polyhydroxyalkanoate utilizing an 
alkanoate in a medium containing the alkanoate and an organic acid participating in TCA cycle. 
[0041] According to a further aspect of the present invention, there is provided a process of producing polyhydroxy- 
alkanoate, wherein the a microorganism is cultured in at least two steps: one is in a medium containing an alkanoate 
and a polypeptone and the subsequent one is in a medium containing the alkanoate and pyruvic acid or salt thereof 
io with nitrogen source limitation. 

[0042] According to a further aspect of the present invention, there is provided Pseudomonas cichorii H45, FERM 

BP-7374. 

[0043] According to a further aspect of the present invention, there is provided a novel bacterial strain Pseudomonas 
cichorii YN2, FERM BP-7375. 

15 [0044] According to a further aspect of the present invention, there is provided a novel bacterial strain Pseudomonas 
putida P91 , FERM BP-7373. 

[0045] According to a further aspect of the present invention, there is provided a novel bacterial strain Pseudomonas 
jessenii P161, FERM BP-7376. 

[0046] As already stated above, the present invention provides novel polyhydroxyalkanoates and novel substituted 
20 alkanoic acids to be a raw material therefor and novel microorganisms which have ability to produce and accumulate 
in the cell the novel polyhydroxyalkanoates, and provides methods for producing the polyhydroxyalkanoates using 
such microorganism. According to them, the polyhydroxyalkanoates useful as functional polymers in which different 
functional groups are introduced can be manufactured very efficiently and in high purity, therefore it may be expected 
to be applied to each field such as device and medical materials. 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0047] 

30 FIG. 1 is a chart which shows the measurement of nuclear magnetic resonance spectrum of 3HFPV synthesized 

in Example 1; 

FIG. 2 is a chart which shows the measurement of 1 H nuclear magnetic resonance spectrum of PHA obtained in 
Example 6; 

FIG. 3 is a chart which shows the measurement of 13 C nuclear magnetic resonance spectrum of PHA obtained in 
35 Example 6; 

FIG. 4 is a chart which shows the measurement of nuclear magnetic resonance spectrum of 5-(4-fluorophenoxy) 
valeric acid obtained in Example 7; 

FIG. 5 is a chart which shows the Total Ion Chromatography (TIC) of GC-MS for a methyl esterification compound 
of a monomer unit constituting PHA obtained in Example 8; 
40 FIGS. 6A and 6B are charts which show the mass spectra of the peaks on TIC for a methyl esterification compound 

of a monomer unit constituting PHA obtained in Example 8; 

FIGS. 7A and 7B are charts which show the mass spectra of the peaks on TIC for a methyl esterification compound 
of a monomer unit constituting PHA obtained in Example 8; 

FIG. 8 is a chart which shows TIC for a methyl esterification compound of a monomer unit constituting PHA obtained 
45 in Example 9; 

FIG. 9 is a chart which shows TIC for a methyl esterification compound of a monomer unit constituting PHA obtained 
in Example 10; 

FIG. 10 is a chart which shows TIC for a methyl esterification compound of a monomer unit constituting PHA 
obtained in Example 11 ; 

so FIGS. 11 A and 1 1 B are charts which show the Total Ion Chromatography (TIC) of 5-(4-trif luoromethylphenyl)valeric 

acid (FIG. 11 A) and its mass spectrum (FIG. 11B); 

FIGS. 1 2A and 1 2B are charts which show the analytical results of the methylated compounds of PHA copolymers 
obtained in Example 14. FIG. 12A is the Total Ion Chromatography (TIC) of the methylated compounds of PHA 
copolymers and FIG. 12B is the mass spectrum for the peak (around 36.5 min.) containing 3-hydroxy-5- 
55 ( 4-trifiuoromethylphenyl)valeric acid which is an objective unit on the TIC; 

FIGS. 1 3A and 1 3B are charts which show the analytical results of the methylated compounds of PHA copolymers 
obtained in Example 15. FIG. 13A is the Total Ion Chromatography (TIC) of the methylated compounds of PHA 
copolymers and FIG. 1 3B is the mass spectrum for the peak (around 36.5 min.) containing 3-hydroxy-5-(4-trifluor- 
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omethylphenyl)valeric acid which is an objective unit on the TIC; 

FIG. 14 is a chart which shows the 1 H-NMR spectrum of PHA obtained in Example 30; 

FIG. 15 is a chart which shows the 1 H-NMR spectrum of PHA obtained in Example 34; 

FIG. 16 is a chart which shows the 1 H-NMR spectrum of 4-(4-fluorophenoxy)butyric acid; 

FIG. 17 is a chart which shows the 13 C-NMR spectrum of 4-(4-fluorophenoxy)butyric acid; 

FIG. 18 are charts which show the GC-MS spectrum data measured after methanolysis of PHA recovered from 

the cultured cells of strain YN2 in Example 41 ; 

FIG. 19 is a chart which shows the 1 H-NMR spectrum of PHA recovered from the cultured microbial cells of strain 
YN2 in Example 41; 

FIG. 20 is a chart which shows the 1 H-NMR spectrum of 4-(3-fluorophenoxy)butyric acid; 

FIG. 21 is a chart which shows the 13 C-NMR spectrum of 4-(3-fluorophenoxy)butyric acid; 

FIG. 22 are charts which show the GC-MS spectrum data measured after methanolysis of PHA recovered from 

the cultured microbial cells of strain YN2 in Example 47; 

FIG. 23 is a chart which shows the 1 H-NMR spectrum of PHA recovered from the cultured microbial ceils of strain 
YN2 in Example 47; 

FIG. 24 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 53; 

FIG. 25 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-(4-fluorophenoxy)valerate obtained from 
the GC-MS measurement in Example 53; 

FIG. 26 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 54; 

FIG. 27 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-(4-fluorophenyl)valerate obtained from 
the GC-MS measurement in Example 54; 

FIG. 28 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
urement in Example 55; 

FIG. 29 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
urement in Example 55; 

FIG. 30 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-(4-fluorophenoxy)valerate (3HFPxV) 
obtained from the GC-MS measurement in Example 55; 

FIG. 31 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
urement in Example 56; 

FIG. 32 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
urement in Example 56; 

FIG. 33 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-(4-fluorophenyl)valerate (3HFPV) ob- 
tained from the GC-MS measurement in Example 56; 

FIG. 34 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
urement in Example 57; 

FIG. 35 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
urement in Example 57; 

FIG. 36 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-(4-fluorophenyl)valerate (3HFPV) ob- 
tained from the GC-MS measurement in Example 57; 

FIG. 37 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-(4-fluorophenoxy)valerate (3HFPxV) 
obtained from the GC-MS measurement in Example 57; 

FIG. 38 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 58; 

FIG. 39 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
urement in Example 58; 

FIG. 40 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
urement in Example 58; 

FIG. 41 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained from 
the GC-MS measurement in Example 58; 

FIG. 42 is a chart which shows the mass spectrum of methyl 3-hydroxy-7-phenoxyheptanoate (3HPxHp) obtained 
from the GC-MS measurement in Example 58; 

FIG. 43 is a chart which shows the mass spectrum of methyl 3-hydroxy-9-phenoxynonanoate (3HPxN) obtained 
from the GC-MS measurement in Example 58; 

FIG. 44 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 59; 

FIG. 45 is a chart which shows the mass spectrum of methyl 3-hydroxyhexanoate obtained from the GC-MS meas- 
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urement in Example 59; 

FIG. 46 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
urement in Example 59. 

FIG. 47 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
5 urement in Example 59; 

FIG. 48 is a chart which shows the mass spectrum of methyl 3-hydroxydodecanoate obtained from the GC-MS 

measurement in Example 59; 

FIG. 49 is a chart which shows the mass spectrum of methyl 3-hydroxydodecenoate obtained from the GC-MS 
measurement in Example 59; 

10 FIG. 50 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained from 

the GC-MS measurement in Example 59; 

FIG. 51 is a chart which shows the mass spectrum of methyl 3-hydroxy-7-phenoxyheptanoate (3HPxHp) obtained 
from the GC-MS measurement in Example 59; 

FIG. 52 is a chart which shows the mass spectrum of methyl 3-hydroxy-9-phenoxynonanoate (3HPxN) obtained 
15 from the GC-MS measurement in Example 59; 

FIG. 53 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 60; 

FIG. 54 is a chart which shows the mass spectrum of methyl 3-hydroxy-hexanoate obtained from the GC-MS 
measurement in Example 60; 

20 FIG. 55 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 

urement in Example 60; 

FIG. 56 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
urement in Example 60; 

FIG. 57 is a chart which shows the mass spectrum of methyl 3-hydroxydodecanoate obtained from the GC-MS 
25 measurement in Example 60; u „ 

FIG. 58 is a chart which shows the mass spectrum of methyl 3-hydroxydodecenoate obtained from the GC-MS 

measurement in Example 60; 

FIG. 59 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained from 
the GC-MS measurement in Example 60; 
30 FIG. 60 is a chart which shows the mass spectrum of methyl 3-hydroxy-7-phenoxyheptanoate (3HPxHp) obtained 

from the GC-MS measurement in Example 60; 

FIG, 61 is a chart which shows the mass spectrum of methyl 3-hydroxy-9-phenoxynonanoate (3HPxN) obtained 
from the GC-MS measurement in Example 60; 

FIG. 62 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
35 urement in Example 61 ; , 

FIG. 63 is a chart which shows the mass spectrum of methyl 3-hydroxy-4-phenoxybutyrate (3HPxB) obtained from 
the GC-MS measurement in Example 61; 

FIG. 64 is a chart which shows the mass spectrum of methyl 3-hydroxy-6-phenoxyhexanoate (3HPxHx) obtained 
from the GC-MS measurement in Example 61 ; 
40 FIG. 65 is a chart which shows the mass spectrum of methyl 3-hydroxy-8-phenoxyoctanoate (3HPxO) obtained 

from the GC-MS measurement in Example 61 ; 

FIG. 66 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 62; 

FIG. 67 is a chart which shows the mass spectrum of methyl 3-hydroxy-4-phenoxybutyrate (3HPxB) obtained from 
45 the GC-MS measurement in Example 62; 

FIG. 68 is a chart which shows the mass spectrum of methyl 3-hydroxy-6-phenoxyhexanoate (3HPxHx) obtained 
from the GC-MS measurement in Example 62; 

FIG. 69 is a chart which shows the mass spectrum of methyl 3-hydroxy-8-phenoxyoctanoate (3HPxO) obtained 
from the GC-MS measurement in Example 62; 
so FIG. 70 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 

urement in Example 63; 

FIG. 71 is a chart which shows the mass spectrum of methyl 3-hydroxy-octanoate obtained from the GC-MS meas- 
urement in Example 63; 

FIG. 72 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
55 urement in Example 63; , 

FIG. 73 is a chart which shows the mass spectrum of methyl 3-hydroxy-4-phenoxybutyrate (3HPxB) obtained from 

the GC-MS measurement in Example 63; 

FIG. 74 is a chart which shows the mass spectrum of methyl 3-hydroxy-6-phenoxyhexanoate (3HPxHx) obtained 
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from the GC-MS measurement in Example 63; 

FIG. 75 is a chart which shows the mass spectrum of methyl 3-hydroxy-8-phenoxyoctanoate (3HPxO) obtained 
from the GC-MS measurement in Example 63; 

FIG. 76 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
5 urement in Example 64; 

FIG. 77 is a chart which shows the mass spectrum of methyl 3-hydroxyhexanoate obtained from the GC-MS meas- 
urement in Example 64; 

FIG. 78 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
urement in Example 64; 

10 FIG. 79 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 

urement in Example 64; 

FIG. 80 is a chart which shows the mass spectrum of methyl 3-hydroxydodecanoate obtained from the GC-MS 
measurement in Example 64; 

FIG. 81 is a chart which shows the mass spectrum of methyl 3-hydroxydodecenoate obtained from the GC-MS 
15 measurement in Example 64; 

FIG. 82 is a chart which shows the mass spectrum of methyl 3-hydroxy-4-phenoxybutyrate (3HPxB) obtained from 
the GC-MS measurement in Example 64; 

FIG. 83 is a chart which shows the mass spectrum of methyl 3-hydroxy-6-phenoxyhexanoate (3HPxHx) obtained 
from the GC-MS measurement in Example 64; 
20 FIG. 84 is a chart which shows the mass spectrum of methyl 3-hydroxy-8-phenoxyoctanoate (3HPxO) obtained 

from the GC-MS measurement in Example 64; 

FIG. 85 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 65; 

FIG. 86 is a chart which,shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
25 urement in Example 65; 

FIG. 87 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
urement in Example 65; 

FIG. 88 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained from 
the GC-MS measurement in Example 65; 
' 30 FIG. 89 is a chart which shows the mass spectrum of methyl 3-hydroxy-7-phenoxyheptanoate (3HPxHp) obtained 

from the GC-MS measurement in Example 65; 

FIG. 90 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 66; 

FIG. 91 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained from 
35 the GC-MS measurement in Example 66; 

FIG. 92 is a chart which shows the mass spectrum of methyl 3-hydroxy-7-phenoxyheptanoate (3HPxHp) obtained 
from the GC-MS measurement in Example 66; 

FIG. 93 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 67; 

40 FIG. 94 is a chart which shows the mass spectrum of methyl 3-hydroxyhexanoate obtained from the GC-MS meas- 

urement in Example 67; 

FIG. 95 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS meas- 
urement in Example 67; 

FIG. 96 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS meas- 
45 urement in Example 67; 

FIG. 97 is a chart which shows the mass spectrum of methyl 3-hydroxydodecanoate obtained from the GC-MS 
measurement in Example 67; 

FIG. 98 is a chart which shows the mass spectrum of methyl 3-hydroxydodecenoate obtained from the GC-MS 
measurement in Example 67; 

so FIG. 99 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained from 

the GC-MS measurement in Example 67; 

FIG. 100 is a chart which shows the mass spectrum of methyl 3-hydroxy-7-phenoxyheptanoate (3HPxHp) obtained 
from the GC-MS measurement in Example 67; 

FIG. 101 is a chart which shows the mass spectrum of methyl 3-hydroxyhexanoate obtained from the GC-MS 
55 measurement in Example 68; 

FIG. 102 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS 
measurement in Example 68; 

FIG. 103 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS 
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measurement in Example 68; 

FIG. 104 is a chart which shows the mass spectrum of methyl 3-hydroxydodecanoate obtained from the GC-MS 
measurement in Example 68; 

FIG. 105 is a chart which shows the mass spectrum of methyl 3-hydroxydodecenoate obtained from the GC-MS 
measurement in Example 68; 

FIG. 106 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained 
from the GC-MS measurement in Example 68; 

FIG. 1 07 is a chart which shows the mass spectrum of methyl 3-hydroxy-7-phenoxyheptanoate (3HPxHp) obtained 
from the GC-MS measurement in Example 68; 

FIG. 1 08 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 69; 

FIG. 109 is a chart which shows the mass spectrum of methyl 3-hydroxyhexanoate obtained from the GC-MS 
measurement in Example 69; 

FIG. 110 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS 
measurement in Example 69; 

FIG. 111 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS 
measurement in Example 69; 

FIG. 112 is a chart which shows the mass spectrum of methyl 3-hydroxydodecanoate obtained from the GC-MS 
measurement in Example 69; 

FIG. 113 is a chart which shows the mass spectrum of methyl 3-hydroxydodecenoate obtained from the GC-MS 
measurement in Example 69; 

FIG. 114 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained 
from the GC-MS measurement in Example 69; 

FIG. 115 is a chart which shows the mass spectrum of methyl 3-hydroxyhexanoate obtained from the GC-MS 
measurement in Example 70; 

FIG. 116 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS 
measurement in Example 70; 

FIG. 117 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS 
measurement in Example 70; 

FIG. 118 is a chart which shows the mass spectrum of methyl 3-hydroxydodecanoate obtained from the GC-MS 
measurement in Example 70; 

FIG. 119 is a chart which shows the mass spectrum of methyl 3-hydroxydodecenoate obtained from the GC-MS 
measurement in Example 70; 

FIG. 120 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenoxyvalerate (3HPxV) obtained 
from the GC-MS measurement in Example 70; 

FIG. 121 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS 
measurement in Example 71; 

FIG. 122 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS 
measurement in Example 71; 

FIG. 123 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenylvalerate (3HPV) obtained from 
the GC-MS measurement in Example 71 ; 

FIG. 124 is a chart which shows the mass spectrum of methyl 3-hydroxy-octanoate obtained from the GC-MS 
measurement in Example 72; 

FIG. 125 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenylvalerate (3HPV) obtained from 
the GC-MS measurement in Example 72; 

FIG. 126 is a chart which shows the mass spectrum of methyl 3-hydroxybutyrate obtained from the GC-MS meas- 
urement in Example 73; 

FIG. 127 is a chart which shows the mass spectrum of methyl 3-hydroxyoctanoate obtained from the GC-MS 
measurement in Example 73; 

FIG. 128 is a chart which shows the mass spectrum of methyl 3-hydroxydecanoate obtained from the GC-MS 
measurement in Example 73; and 

FIG. 129 is a chart which shows the mass spectrum of methyl 3-hydroxy-5-phenylvalerate (3HPV) obtained from 
the GC-MS measurement in Example 73. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0048] For solving the above described problems, the inventor et al. strenuously carried out researches for search 
of innovative microorganisms capable of producing PHA and accumulating the same in the cells and a method of 
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manufacturing desired PHA using the innovative microorganism, particularly with the aim of developing PHA having 
substituted or unsubstituted phenoxy groups, phenyl groups and cyclohexyl groups on the side chain, which is useful 
as device materials and medical materials, and completed the invention. 

[0049] The polyhydroxyalkanoate of the present invention is characterized by having a monomer unit composition 
5 represented by formula (1 ). 

A m B (1 . m) 0) 

10 (wherein A is represented by formula (2), B is at least one or more selected from monomer units represented by 

formula (3) or (4) : and m is 0.01 or more and less than 1 ). 
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(CH 2 )k 

CH 
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CH 
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CH„ O 



CH 3 

( ? Hpn 8 i * ii 



(3) (4) 



(In formulae, n is 0 to 10, k is 3 or 5, and R is at least one or more groups selected from groups represented by 
formulae (5) to (7)). 




f (CH 2 )q ^(CH^r 
(5) (6) 

50 (In formula (5), R1 is a group selected from hydrogen atom (H), halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7 , 

and q is selected from integers of 1 to 8; 

In formula (6), R2 is a group selected from hydrogen atom (H), halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7: and 
r is selected from integers of 1 to 8; 

In formula (7), R3 is a group selected from hydrogen atom (H), halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and -C 3 F 7: and 
55 s j s selected from integers of 1 to 8; 

wherein, when one kind of group is selected, 
as R in formula (2), 
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the group of R1 = H and q = 2, the group of R1 = H and q = 3, and the group of R1 = -N0 2 and q = 2 in formula (5), 
the group of R2 = halogen atom and r = 2 [however, only when two components are selected from formula (3) 
or (4) as the above described B], the group of R2 = -CN and r = 3, and the group of R2 = -N0 2 and r = 3 in formula (6), and 
* the group of R3 = H and s = 1 and the group of R3 = H and s = 2 in formula (7) 
5 are excluded from alternatives, and 

when two kinds of groups are selected, 

in formula (6), a combination of two kinds of groups of R2 = halogen atom and r = 2 and 4 [however, only when 
one component is selected from formula (3) or (4) as the above described B] 
are excluded from alternatives). 

10 [0050] Herein, the polyhydroxyalkanoate of the present invention may include more than two kinds of monomer units 
represented by formula (2), but it is preferably designed so that the appropriate number of monomer units are included, 
considering the needed polymer's functionality and properties. Generally, when alkanoates up to about five kinds are 
used as a raw material of desired monomer units, "secondary" substrates with the chain length sequentially decreased 
by two methylene units are newly produced by p oxidation from part of the alkanoates, as described previously, and 

15 captured as monomer units of the PHA. Thus, about ten kinds or less of monomer units represented by formula (2) 
are included in PHA and it is expected that the object of the present invention be sufficiently achieved. Furthermore, 
if fine control of the functionality and the property is desired, configuration with more species of monomer units is also 
possible. 

[0051] Also, with respect to substituted positions of R1 , R2 and R3, for any of a ortho, meta or para position, and for 
20 a first position in the case of the cyclohexyl group of R3, polyhydroxyalkanoate containing corresponding monomer 
units can be configured, but if there is no significant differences in functionality and properties for any isomer, it is 
advantageously configured with constituents at the meta or para position in terms of yields or ease with which it is 
captured in the polymer. 

[0052] Also, the method of manufacturing polyhydroxyalkanoate of the present invention is a method of manufac- 
25 turing polyhydroxyalkanoate having monomer unit composition represented by formula (1) using microorganisms, char- 
acterized in that microorganisms are cultured together with the alkanoate and the polyhydroxyalkanoate is extracted 
from the cells of organisms to obtain the polyhydroxyalkanoate having monomer unit composition represented by 
formula (1). 
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A ra B (1 . m) 0) 

(wherein A is represented by formula (2), B is at least one or more selected from monomer units represented by 
formula (3) or (4) : and m is 0.01 or more and less than 1). 
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[0053] (In formulae, n is 0 to 10, k is 3 or 5, and R is at least one or more groups selected from groups represented 
by formulae (5) to (7)). 
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15 

[0054] (In formula (5), R1 Is a group selected from hydrogen atom (H), halogen atom, -CN, -N0 2 , -CF 3> -C 2 F 5 and 
-C 3 F 7 , and q is selected from integers of 1 to 8; 

[0055] In formula (6), R2 is a group selected from hydrogen atom (H) : halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 , and r is selected from integers of 1 to 8; 
20 [0056] In formula (7), R3 is a group selected from hydrogen atom (H) : halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 , and s is selected from integers of 1 to 8; 
wherein, when one kind of group is selected, 
as R in formula (2), 

the group of R1 = H and q = 2, the group of R1 = H and q = 3, and the group of R1 = -N0 2 and q = 2 in formula (5), 
25 the group of R2 = halogen atom and r = 2, the group of R2 = -CN and r = 3, and the group of R2 = -N0 2 and r = 

3 in formula (6), and 

the group of R3 = H and s = 1 and the group of R3 = H and s = 2 in formula (7) 
are excluded from alternatives, and 
when two kinds of groups are selected, 

30 are excluded from alternatives). 

[0057] Herein, the polyhydroxyalkanoate of the present invention may more than two kinds of monomer units rep- 
resented by formula (2), but it is preferably synthesized so that the appropriate number of monomer units are included, 
considering the needed polymer's functionality and properties. Generally, when alkanoates of up to about five kinds 
are used as a raw material for desired substrates, "secondary" substrates with the chain length shortened by two 

35 methylene units are newly produced by p oxidation from the alkanoates as described previously, and captured as 
monomer units in PHA. Thus, monomer units of up to ten kinds represented by formula (2) are included in PHA, and 
it is expected that the object of the present invention is sufficiently achieved. Furthermore, if fine control of the func- 
tionality and the property is desired, culture may be performed to include more species of monomer units. 
[0058] Also, with respect to substituted positions of R1 , R2 and R3, for any of a ortho, meta or para position, and for 

40 a first position in the case of the cyclohexyl group of R3, polyhydroxyalkanoate containing corresponding monomer 
units can be configured, but if there is no significant differences in functionality and properties for any isomer, it is 
advantageously configured with constituents at the meta or para position in terms of yields or ease with which it is 
captured in the polymer. 

[0059] Furthermore, the inventors did strenuous research to develop a method for obtaining desired PHA having 
45 little or no undesired monomer units coexisting therein, and as a result, found that when the microorganism is cultured 
in a culture medium containing as the sole carbon source the alkanoate to be the raw material for PHA and a saccharide, 
it is possible to produce PHA having little or no undesired monomer units coexisting therein, leading to the completion 
of the invention. 

[0060] That is, the method of manufacturing polyhydroxyalkanoate (PHA) of the present invention is a method of 
50 manufacturing polyhydroxyalkanoate containing monomer units represented by formula (23) using microorganisms, 
characterized by having a process in which a microorganism capable of synthesizing polyhydroxyalkanoate containing 
monomer units represented by formula (23) from the alkanoate represented by general formula (22) are cultured in a 
culture medium containing as the sole carbon source the alkanoate of formula (22) and a saccharide. 
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0 

(22) (23) 

w [0061] (In above formulae, R is at least one or more groups represented by formula (24), and R' is one or more 
groups selected from the groups selected in formula (22), the group of t-2 in the selected groups, the group of t-4 in 
the selected groups and the group of t-6 in the selected groups. Herein, t-2, t-4 and t-6 can be only integers of 1 or more.) 

15 W 

(CH 2 )t 
1 (24) 

20 

[0062] (In the above formula, R4 represents a saturated or unsaturated phenyl group, a saturated or unsaturated 
phenoxy group, and a saturated or unsaturated cyclohexyl group, and t represents an integer in the range of 1 to 8 
independently.) 

[0063] Herein, more than one kinds of alkanoate represented by formula (22) may be used when culture is carried 
25 out, but the appropriate number thereof are preferably used, considering the needed polymer's functionality and prop- 
erties. Generally, when alkanoates of up to five kinds represented by formula (22) are used as raw materials for the 
desired monomer units, "secondary" substrates with the chain length shortened by two methylene units are newly 
produced by p oxidation from part of the alkanoates as described previously, and captured as monomer units of PHA. 
Thus, monomer units of up to ten kinds represented by formula (2), for example, are included in PHA, and it is expected 
30 that the above described object be sufficiently achieved. Furthermore, if fine control of the functionality and the property 
is desired, more kinds of alkanoates can be used. 

[0064] Substituents at the group of R4 described above include halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 and 
the like. With respect to substituted positions of R4, in any of a ortho, meta or para position, and in a first position in 
the case of the cyclohexyl group, polyhydroxyalkanoate constituted by corresponding monomer units can be obtained, 

35 but if there is no significant differences in functionality and properties for any isomer, constituents at the meta or para 
position can be suitably used in terms of yields or ease with which it is captured in the polymer. 
[0065] Also, for saccharides, for example, glucose, fructose, mannose and the like may be suitably used. 
[0066] Furthermore, the inventors did strenuous research to develop a method for producing desired PHA having 
little or no undesired monomer units coexisting therein, and as a result, found that when the microorganism is cultured 

40 in a culture medium containing as the sole carbon source an alkanoate to be the raw material for PHA and polypeptone 
only, it is possible to produce PHA having little or no undesired monomer units coexisting therein, leading to the com- 
pletion of the invention. 

[0067] That is, the method of manufacturing polyhydroxyalkanoate (PHA) of the present invention is a method of 
manufacturing polyhydroxyalkanoate containing monomer units represented by formula (23) using microorganisms, 
45 characterized by having a process in which microorganisms capable of synthesizing polyhydroxyalkanoate containing 
monomer units represented by formula (23) from the alkanoate represented by formula (22) are cultured in a culture 
medium containing the alkanoate and polypeptone as the only carbon source. 



50 




(22) (23) - 

55 

[0068] (In the above described formulae, R is at least one or more groups represented by formula (24), and R' is 
one or more groups selected from the groups selected in formula (22), the group of t-2 in the selected groups, the 
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group of t-4 in the selected groups and the group of t-6 in the selected groups. Herein, t-2, t-4 and t-6 can be only 
integers of 1 or more.) 



R4 



1 (24) 



[0069] (In the above described formula, R4 represents a saturated or unsaturated phenyl group, a saturated or un- 
saturated phenoxy group, and a saturated or unsaturated cyclohexyl group, and t represents an integer in the range 
of 1 to 8 independently) 

15 [0070] Herein, more than one kinds of alkanoate represented by formula (22) may be used when culture is carried 
out, but the appropriate number thereof are preferably used, considering the needed polymer's functionality and prop- 
erties. Generally, when up to five kinds of alkanoates represented by formula (22) are used as raw materials for the 
desired monomer units, secondary" substrates with the chain length shortened by two methylene units are newly pro- 
duced by p oxidation from a part of the alkanoates as described previously, and captured as the monomer units in 

20 PHA. Thus, up to about ten kinds of monomer units represented by formula (2), for example, are included in PHA : and 
it is expected that the above described object be sufficiently achieved. Furthermore, if fine control of the functionality 
and the property is desired, more kinds of alkanoate can be used. 

[0071] Substituents at the group of R4 described above include halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 6 , -C 3 F 7 and 
the like. With respect to substituted positions of R4, in any of a ortho, meta or para position, and in a first position in 
25 the case of the cyclohexyl group, polyhydroxyalkanoate constituted by corresponding monomer units can be obtained, 
but if there is no significant differences in functionality and properties for any isomer, constituents at the meta or para 
position can be suitably used in terms of yields or ease with which it is captured in the polymer. 

[0072] Furthermore, the inventors did strenuous research to develop a method for efficiently producing desired PHA 
having little or no undesired monomer units coexisting therein , and as a result, found that when the microorganism are 
30 cultured in a culture medium containing as the sole carbon source an alkanoate to be the raw material for PHA and 
an organic acid associated with the TCA cycle, it is possible to produce PHA having little or no undesired monomer 
units coexisting therein : leading to the completion of the invention. 

[0073] That is, the method of producing polyhydroxyalkanoate (PHA) of the present invention is a method of produc- 
ing polyhydroxyalkanoate containing monomer units represented by formula (23) using microorganisms, characterized 
35 by having a process in which microorganisms capable of synthesizing polyhydroxyalkanoate containing monomer units 
represented by formula (23) from the alkanoate represented by the following general formula (22) are cultured in a 
culture medium including the alkanoate and only an organic acid associated with the TCA cycle as a carbon source 
other than the alkanoate represented by the following formula (22). 



R' 0 

.OH 



0 

(22) < 23 > 



[0074] (In the above described formulae, R is at least one or more groups represented by formula (24), and R' is 
one or more groups selected from the groups selected in formula (22), the group of t-2 in the selected groups, the 
so group of t-4 in the selected groups and the group of t-6 in the selected groups. Herein, t-2, t-4 and t-6 can be only 
integers of 1 or more.) 



R4 

(CH 2 )t 

(24) 
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[0075] (In the above described formula, R4 represents a saturated or unsaturated phenyl group, a saturated or un- 
saturated phenoxy group, and a saturated or unsaturated cyclohexyl group, and t represents an integer in the range 
of 1 to 8 independently.) 

[0076] Herein, more than one kinds of alkanoate represented by formula (22) may be used when culture is earned 
5 out, but the appropriate number thereof are preferably used, considering the needed polymer's functionality and prop- 
erties. Generally, when up to about five kinds of alkanoates represented by formula (22) are used as the raw materials, 
"secondary" substrates with the chain length shortened by two methylene units are newly produced by p oxidation from 
a part of the alkanoates as described previously, and captured as the monomer units of PHA. Thus, up to about ten 
kinds of monomer units, for example, as represented by formula (2), are included in PHA, and it is expected that the 
10 above described object be sufficiently achieved. Furthermore, if fine control of the functionality and the property is 
desired, more kinds of alkanoates can be used. 

[0077] Substituents at the group of R4 described above include halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 and 
the like. With respect to substituted positions of R4. in any of a ortho, meta or para position, and in a first position in 
the case of the cyclohexyl group, polyhydroxyalkanoate constituted by corresponding monomer units can be obtained, 

is but if there is no significant differences in functionality and properties for any isomer, constituents at the meta or para 
position can be suitably used in terms of yields or ease with which it is captured in the polymer. 
[0078] Also, for organic acids associated with the TCA cycle, organic acids existing in the TC A cycle itself, for example 
citric acid, succinic acid, fumaric acid, malic acid and salts thereof, and organic acids existing on the main flux to the 
TCA cycle, for example lactic acid, pyruvic acid and salts thereof may be suitably used. 

20 [0079] Furthermore, the inventors did strenuous research to develop a method for obtaining desired PHA having 
little or no undesired monomer units coexisting therein efficiently, and as a result, found that when microorganisms are 
cultured in at least two steps: 

first in a medium containing as the sole carbon source an alkanoate to be a raw material for PHA and polypeptone, 
and then in a medium containing the alkanoate and pyruvic acid or salts thereof as the sole carbon source with nitrogen 

25 limitation, it is possible to produce PHA having little or no undesired monomer units coexisting therein. 

[0080] That is, the method of producing polyhydroxyalkanoate (PHA) of the present invention is a method of manu- 
facturing polyhydroxyalkanoate containing monomer units represented by formula (23) using microorganisms, char- 
acterized by having a process in which microorganisms capable of synthesizing polyhydroxyalkanoate containing mon- 
omer units represented by formula (23) from the alkanoate represented by the following general formula (22) are 

30 cultured in at least two steps: first in a culture medium containing as the sole carbon source the alkanoate represented 
by formula (22) and polypeptone, and then in a culture medium containing as the sole carbon source the alkanoate 
represented by formula (22) and pyruvic acid or salts thereof under nitrogen limitation. 

O 

(22) (23) 

[0081] (In the above described formulae, R is at least one or more groups represented by formula (24), and R' is 
one or more groups selected from the groups selected in the above described formula (22), the group of t-2 in the 
selected groups, the group of t-4 in the selected groups and the group of t-6 in the selected groups. Herein , t-2, t-4 
and t-6 can be only integers of 1 or more.) 



40 



50 



(CH 2 )t 



(24) 



55 [0062] (In the above described formula, R4 represents a saturated or unsaturated phenyl group, a saturated or un- 
saturated phenoxy group, and a saturated or unsaturated cyclohexyl group, and t represents an integer in the range 
of 1 to 8 independently.) 

[0083] Herein, more than one kinds of alkanoate represented by formula (22) may be used when culture is carried 
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out, but the appropriate number thereof are preferably used, considering the needed polymer's functionality and prop- 
erties. Generally, when up to about five kinds of alkanoates represented by formula (22) are used as the raw materials, 
"secondary" substrates shortened by two methylene units are newly produced by p oxidation from part of the alkanoates 
as described previously, and captured as the monomer units in PHA, up to about ten kinds of monomer units, for 
5 example, those represented by formula (2), are included in PHA, and it is expected that the above described object 
be sufficiently achieved. Furthermore, if fine control of the functionality and the property is desired, more kinds of 
alkanoate can be used. 

[0084] Substituents at the group of R4 described above include halogen atom, -CN, -N0 2 , -CF 3 , -C 2 F 5 , -C 3 F 7 and 
the like. With respect to substituted positions of R4, in any of a ortho, meta or para position, and in a first position in 
10 the case of the cyclohexy! group, polyhydroxyalkanoate constituted by corresponding monomer units can be obtained, 
but if there is no significant differences in functionality and properties for any isomer, constituents at the meta or para 
position can be suitably used in terms of yields or ease with which it is captured in the polymer. 
[0085] Also, new strains related to the present invention are characterized by having synthetic systems of polyhy- 
droxyalkanoate including alkanoate represented by formula (22) to monomer units represented by formula (23). 

15 



20 



0 

(22) (23) 

25 [0086] (In the above described formulae, R is at least one or more groups represented by formula (24), and R' is 
one or more groups selected from the groups selected in the above described formula (22), the group of t-2 in the 
selected groups, the group of t-4 in the selected groups and the group of t-6 in the selected groups. Herein, t-2, t-4 
and t-6 can be only integers of 1 or more.) 
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45 



R4 

(CH 2 )t 

(24) 



(wherein R4 is a substituted or unsubstituted phenyl group, a substituted or unsubstituted phenoxy group, or a substi- 
tuted or unsubstituted cyclohexyl group; and t is independently an integer of 1-8). 

[0087] A substituent in the above described R4 group includes a halogen atom, -CN, -N0 2 , -CF 3> -C 2 F 5 , -C 3 F 7 or 
40 the like. 

[0088] Hereinafter, a new polyhydroxyalkanoate of the present invention will be illustrated. 
[0089] A new polyhydroxyalkanoate of the present invention is the one of formula (8): 



50 



55 




which contains 3-hydroxy-5-(4-fluorophenyl)va!eric acid as a monomer unit. 
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Further, the poiyhydroxyalkanoate is of formula (9): 




which contains 3-hydroxy-5-(4-trifluoromethylphenyl)valeric acid as a monomer unit. 

[0091] In addition, a material substrate when producing new PHA of the present invention using microorganisms 
5-(4-trifluoromethylphenyl) valeric acid of the following chemical formula (21): 




(21) 



and the material substrate itself is a new compound. 

[0092] Further, the poiyhydroxyalkanoate is of formula (10): 




which contains 3-hydroxy-4-(4-nitrophenoxy)butyric acid as a monomer unit. 
[0093] Further, the poiyhydroxyalkanoate is of formula (11): 
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10 




do 



is which contains 3-hydroxy-4-(4-cyanophenoxy)butyric acid as a monomer unit. 
[0094] Further, the polyhydroxyalkanoate is of formula (12): 



20 
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30 




(12) 



which contains 3-hydroxy-4-(4-fluorophenoxy)butyric acid as a monomer unit. 
[0095] Further, the polyhydroxyalkanoate is of formula (13): 



35 



40 



45 





,4" 



(13) 



which contains 3-hydroxy-4-(3-fluorophenoxy)butyric acid as a monomer unit. 
[0096] Further, the polyhydroxyalkanoate is of formula (14): 
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5 




0 

(14) 



which contains 3*hydroxy-4-phenoxybutyric acid as a monomer unit. Herein, as the monomer unit except 3-hydroxy- 
15 4-phenoxybutyric acid of formula (14), at least one or more of the monomer units of formula (3) or (4) are contained. 



20 



25 




(3) (1) 



30 

(wherein n is 0-1 0)(wherein k is 3 or 5) 

[0097] Further, the polyhydroxyalkanoate is of formula (15): 



40 



45 




which contains 3-hydroxy-5-phenoxyvaleric acid as a monomer unit. Herein, as the monomer unit except 3-hydroxy- 
5-phenoxyvaieric acid of formula (15), at least one or more of the monomer units of formula (3) or (4) are contained. 

50 
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(3) (4) 



(wherein n is 0-10)(wherein k is 3 or 5) 

[0098] Further, the polyhydroxyalkanoate is of formula (16): 



F 




which contains 3-hydroxy-5-(4-fluorophenoxy)valeric acid as a monomer unit. Herein, as the monomer unit except 
3-hydroxy-5-(4-fluorophenoxy)valeric acid of formula (1 6), the polyhydroxyalkanoate contains at least one or more of 
the monomer units of formula (3) or (4) and excludes the monomer unit of three component system. 



OH, 

(CH 2 )k 
CH 

(3) (4) 

(wherein n is 0-10) (wherein k is 3 or 5) 

[0099] Further, the polyhydroxyalkanoates are of formulas (8) and (16): 
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F 




(8) (16) 

which contain 3-hydroxy-5-(4-fluorophenyl)valeric acid and 3-hydroxy-5-(4-fiuorophenoxy)valeric acid as monomer 
units. 

[0100] Further, the polyhydroxyalkanoates are of formulas (15) and (17): 




(15) (17) 



which contain 3-hydroxy-5-phenoxyvaleric acid and 3-hydroxy-7-phenoxyheptanoic acid as monomer units. Herein, 
as the monomer unit except 3-hydroxy-5-phenoxyvaleric acid and 3-hydroxy-7-phenoxyheptanoic acid of formulas (1 5) 
and (17), at least one or more of the monomer units of formula (3) or (4) are contained. 



I 3 
(CH 2 )k 

CH 

II 



CH, CH 




(wherein n is 0-1 0) (wherein k is 3 or 5) 

[0101] Further, the polyhydroxyalkanoates are of formulas (14), (18) and (19): 
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30 (18) (X9) 

which contain 3-hydroxy-4-phenoxybutyric acid, 3-hydroxy-6-phenoxyhexanoic acid and 3-hydroxy-8-phenoxyoctanoic 
acid as monomer units. Herein, as the monomer unit except 3-hydroxy-4-phenoxybutyric acid : 3-hydroxy-6-phenoxy- 
35 hexanoic acid and 3-hydroxy-B-phenoxyoctanoic acid of formulas (14), (18) and (19), at least one or more of the mon- 
omer units of formula (3) or (4) are contained. 
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(3) (4) 



(wherein n is 0-10) (wherein k is 3 or 5) 

[0102] Further, the polyhydroxyalkanoates are of formulas (15), (1 7) and (20): 
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(17) (20) 



which contain 3-hydroxy-5-phenoxyvaleric acid, 3-hydroxy-7-phenoxyheptanoic acid and 3-hydroxy-9-phenoxynona- 
noic acid as monomer units. Herein, as the monomer unit except 3-hydroxy-5-phenoxyvaleric acid, 3-hydroxy-7-phe- 
noxyheptanoic acid and 3-hydroxy-9-phenoxynonanoic acid of formulas (1 5), (17) and (20), at least one or more of the 
monomer units of formula (3) or (4) are contained. 



I 3 
(CH 2 )k 

CH 
u 




(3) W) 

(wherein n is 0-10) (wherein k is 3 or 5) 

[0103] Hereinafter, a manufacturing method for polyhydroxyalkanoates will be illustrated. 

[0104] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-5-(4-fluorophenyl)valeric acid (3HFPV) of formula (8) by being cul- 
tivated in a culture medium containing 5-(4-fluorophenyl)valeric acid (FPVA) of formula (25). 
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[0105] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having a step 
of cultivating microorganisms which produce polyhydroxyalkanoates containing the monomer unit of 3HFPV of formula 
(8) using FPVA in a culture medium containing FPVA of formula (25). 

[0106] In addition, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed in a culture medium containing FPVA of formula (25) and saccharides. 

[0107] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing FPVA of formula (25) and polypeptone. 

[0108] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing FPVA of formula (25) and organic acids associated with the TCA cycle. 
[0109] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 step culturing: first in a culture medium containing FPVA of formula (25) and polypeptone, and 
then in a culture medium containing FPVA of formula (25) and pyruvic acid or its salt with nitrogen limitation. 
[0110] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-5-(4-trifluoromethylphenyl)valeric acid (3HCF 3 PV) of formula (9) by 
being cultured in a culture medium containing 5-(4-trifluoromethylphenyl)valeric acid (CF 3 PVA) of formula (21). 
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[0111] A manufacturing method for polyhydroxyalkanoates of the present invention comprise is characterized by 
culturing the microorganism which can produce polyhydroxyalkanoates containing the monomer unit of 3HCF 3 PV of 
formula (9) from CF 3 PVA of formula (21 ) in a culture medium containing CF 3 PVA. 

[0112] In addition, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed in a culture medium containing CF 3 PVA of formula (21) and a saccharide. 

[01 1 3] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing CF 3 PVA of formula (21) and polypeptone. 

[01 1 4] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing CF 3 PVA of formula (21) and an organic acid associated with the TCA cycle. 
[0115] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least two step culturing: first in a culture medium containing CF 3 PVA of formula (21) and polypeptone, 
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and then in a culture medium containing CF 3 PVA of formula (21) and pyruvic acid or its salt with nitrogen limitation. 
[0116] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-4-(4-nitrophenoxy)butyric acid (3HN0 2 PxB) formula (10) by being 
cultured in a culture medium containing 4-(4-nitrophenoxy)butyric acid (N0 2 PxBA) of formula (26). 
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[0117] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by culturing a 
microorganism which can produce polyhydroxyalkanoates containing the monomer unit of 3HN0 2 PxB represented by 
formula (10) using N0 2 PxBA in a culture medium containing N0 2 PxBA of formula (26). 

[0118] In addition, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed in a culture medium containing N0 2 PxBA of formula (26) and a saccharide. 

[0119] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing N0 2 PxBA of formula (26) and polypeptone. 

[0120] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing N0 2 PxBA of formula (26) and an organic acid associated with the TCA cycle. 
[0121] Furthermore, another manufacturing method is 

characterized in that cultivation of the microorganism is performed by at least 2 steps of culturing, first in a culture 
medium containing N0 2 PxBA of formula (26) and polypeptone, and then in a culture medium containing N0 2 PxBA 
and pyruvic acid or its salt with nitrogen limitation. 

[0122] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-4-(4-cyanophenoxy)butyric acid (3HCNPxB) of formula (1 1 ) by being 
cultivated in a culture medium containing 4-(4-cyanophenoxy)butyric acid (CNPxBA) of formula (27). 
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55 [01 23] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having steps 
of cultivating the microorganism which can produce polyhydroxyalkanoates containing the monomer unit of 3HCNPxB 
represented by formula (11) from CNPxBA of formula (27) in a culture medium containing CNPxBA. 
[0124] In addition, another manufacturing method is 
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characterized in that cultivation of the microorganism is performed in a culture medium containing CNPxBA of formula 
(27) and a saccharide. 

[01 25] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing CNPxBA of formula (27) and poiypeptone. 

5 [01 26] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing CNPxBA of formula (27) and an organic acid associated with the TCA cycle. 
[0127] Furthermore, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed by at least 2 steps of culturing: first in a culture medium containing CNPXBA of formula (27) and poiypeptone, 
and then in a culture medium containing CNPxBA of formula (27) and pyruvic acid or its salt with nitrogen limitation. 

w [0128] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-4-(4-fluorophenoxy)butyric acid (3HFPxB) of formula (12) by being 
cultivated in a culture medium containing 4-(4-fluorophenoxy)butyric acid (FPxBA) of formula (28). 



[0129] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
30 step of cultivating a microorganism which can produce polyhydroxyalkanoates containing the monomer unit of 3H FPxB 
of formula (12) using FPxBA in a culture medium containing FPxBA of formula (28). 

[0130] In addition, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed in a culture medium containing FPxBA of formula (28) and a saccharide: 

[0131] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
35 in a culture medium containing FPxBA of formula (28) and poiypeptone. 

[0132] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing FPxBA of formula (28) and an organic acid associated with the TCA cycle. 
[0133] Furthermore, another manufacturing method is 

characterized in that cultivation of the microorganisms is performed by at least 2 steps of culturing: first in a culture 
40 medium containing FPxBA of formula (28) and poiypeptone, and then in a culture medium containing FPxBA of formula 
(28) and pyruvic acid or its salt with nitrogen limitation. 

[0134] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-4-(3-fluorophenoxy)butyric acid (3HmFPxB) of formula (1 3) by being 
cultivated in a culture medium containing 4-(3-fluorophenoxy)butyric acid (m FPxBA) of formula (29). 
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[0135] A manufacturing method for potyhydroxyalkanoates of the present invention is characterized by having steps 
of cultivating microorganisms which produce polyhydroxyalkanoates containing the monomer unit of 3HmFPxB of for- 
mula (13) using mFPxBA in a culture medium containing mFPxBA of formula (29). 
[0136] In addition,. another manufacturing method is 
5 characterized in that cultivation of the microorganisms is performed in a culture medium containing mFPxBA of formula 
(29) and saccharides. 

[0137] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing mFPxBA of formula (29) and polypeptone. 

[0138] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
10 in a culture medium containing mFPxBA of formula (29) and organic acids associated with the TCA cycle. 

[0139] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 steps of culturing: first in a culture medium containing mFPxBA of formula (29) and polypeptone, 
and then in a culture medium containing mFPxBA of formula (29) and pyruvic acid or its salt with nitrogen limitation. 
[0140] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
15 kanoates containing a monomer unit of 3-hydroxy-5-phenyivateric acid (3HPV) of formula (30) by being cultivated in 
a culture medium containing 5-phenylvaleric acid (PVA) of formula (31). 
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(30) (3D 
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[0141] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can. produce polyhydroxyalkanoates containing the monomer unit of 3HPV 
of formula (30) using PVA in a culture medium containing PVA of formula (31 ) and a saccharide. 
[01 42] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
35 in a culture medium containing PVA of formula (31 ) and polypeptone. 

[01 43] Further, another manufacturing method is characterized in that cultivation of the microorganisms is performed 
in a culture medium containing PVA of formula (31 ) and an organic acid associated with the TCA cycle. 
[0144] Furthermore, another manufacturing method is 

characterized in that cultivation of the microorganism is performed by at least 2 steps of culturing: first in a culture 
40 medium containing PVA of formula (31) and polypeptone, and then in a culture medium containing PVA of formula (31 ) 
and pyruvic acid or its salt with nitrogen limitation. 

[0145] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-6-phenylhexanoic acid (3HPHx) of formula (32) by being cultivated 
in a culture medium containing 6-phenylhexanoic acid (PHxA) of formula (33). 
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15 

[0146] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer unit of 3HPHx 
of formula (32) using PHxA in a culture medium containing PHxA of formula (33) and a saccharide. 
[0147] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
20 in a culture medium containing PHxA of formula (33) and polypeptone. 
[0148] Further, another manufacturing method is 

characterized in that cultivation of the microorganism is performed in a culture medium containing PHxA of formula 
(33) and an organic acid associated with the TCA cycle. 

[0149] Furthermore, another manufacturing method is characterized in that cultivation of the microorganism is per- 
25 formed by at least 2 steps of culturing: first in a culture medium containing PHxA of formula (33) and polypeptone ; and 
then in a culture medium containing PHxA of formula (33) and pyruvic acid or its salt with nitrogen limitation. 
[0150] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-4-phenoxybutyric acid (3HPxB) of formula (14) by being cultivated 
in a culture medium containing 4-phenoxybutyric acid (PxBA) of formula (34). 

30 



35 



40 




(14) (34) 

[0151] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
45 step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer unit of 3HPxB 
of formula (14) using PxBA in a culture medium containing PxBA of formula (34). 

[0152] In addition, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed in a culture medium containing PxBA of formula (34) and a saccharide. 

[0152j Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 

so in a culture medium containing PxBA of formula (34) and polypeptone. 

[0154] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing PxBA of formula (34) and an organic acid associated with the TCA cycle. 
[0155] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 steps of culturing: first in a culture medium containing PxBA of formula (34) and polypeptone : and 

55 then in a culture medium containing PxBA of formula (34) and pyruvic acid or its salt with nitrogen limitation. 

[0156] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-5-phenoxyvaleric acid (3HPxV) of formula (15) by being cultivated 
in a culture medium containing 5-phenoxyvaleric acid (PxVA) of formula (35). 
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[0157] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer unit of 3HPxV 
of formula (15) using PxVA in a culture medium containing PxVA of formula (35). 

[0158] In addition, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed in a culture medium containing PxVA of formula (35) and a saccharide. 

[01 59] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing PxVA of formula (35) and polypeptone. 

[0160] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing PxVA of formula (35) and an organic acid associated with the TCA cycle. 
[0161] Furthermore, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed by at least 2 steps of culturing: first in a culture medium containing PxVA of formula (35) and polypeptone : and 
then in a culture medium containing PxVA of formula (35) and pyruvic acid or its salt with nitrogen limitation. 
[0162] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-5-(4-fluorophenoxy)valeric acid (3HFPxV) of formula (1 6) by being 
cultivated in a culture medium containing 5-(4-fluorophenoxy)valeric acid (FPxVA) of formula (36). 
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[0163] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
so step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer unit of 3HFPxV 
of formula (16) using FPxVA in a culture medium containing FPxVA of formula (36) and a saccharide. 
[0164] Further, another manufacturing method is 

characterized in that cultivation of the microorganism is performed in a culture medium containing FPxVA of formula 
(36) and polypeptone. 

55 [0165] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing FPxVA of formula (36) and an organic acid associated with the TCA cycle. 
[0166] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 steps of culturing, first in a culture medium containing FPxVA of formula (36) and polypeptone, 
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and then in a culture medium containing FPxVA of formula (36) and pyruvic acid or its salt with nitrogen limitation. 
[0167] The present Inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing a monomer unit of 3-hydroxy-4-cyclohexylbutyric acid (3HCHB) of formula (37) by being cultivated 
in a culture medium containing 4-cyclohexylbutyric acid (CHBA) of formula (38). 
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[0168] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer unit of 3HCHB 
of formula (37) using CHBA in a culture medium containing CHBA of formula (38) and a saccharide. 
[0169] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing CHBA of formula (38) and polypeptone. 

[0170] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing CHBA of formula (38) and an organic acid associated with theTCA cycle. 
[0171] Furthermore, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed by at least 2 steps in a culture medium containing CHBA of formula (38) and polypeptone followed by in a 
culture medium containing CHBA of formula (38) and pyruvic acid or its salt with nitrogen limitation. 
[0172] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing monomer units of 3-hydroxy-5-(4-fluorophenyl)valeric acid (3HFPV) and 3-hydroxy-5-(4-fiuoroph- 
enoxy)valeric acid (3HFPxV) of formulas (8) and (16), respectively, by being cultivated in a culture medium containing 
5-(4-fluorophenyl)valeric acid (FPVA) and 5-(4-fluorophenoxy)valeric acid (FPxVA) of formulas (25) and (36), respec- 
tively 
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[0173] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer units of 3HFPV 
and 3HFPxV of formulas (8) and (1 6), respectively, using FPVA and FPxVA in a culture medium containing FPVA and 
FPxVA of formulas (25) and (36), respectively, and a saccharide. 

[01 74] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing FPVA and FPxVA of formulas (25) and (36), respectively, and polypeptone. 
[01 75] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing FPVA and FPxVA of formulas (25) and (36), respectively, and an organic acid associated 
with theTCA cycle. 

[0176] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 steps of culturing; first in a culture medium containing FPVA and FPxVA of formulas (25) and (36), 
respectively, and polypeptone, and then in a culture medium containing FPVA and FPxVA of formulas (25) and (36), 
respectively, and pyruvic acid or its salt with nitrogen limitation. 

[0177] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing monomer units of 3-hydroxy-5-phenoxyvaleric acid (3HPxV) and 3-hydroxy-7-phenoxyheptanoic 
acid (3HPxHp) of formulas (1 5) and (1 7), respectively, by being cultivated in a culture medium containing 7-phenoxy- 
heptanoic acid (PxHpA) of formulas (39). 
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[0178] A manufacturing method for polyhydroxyafkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer units of 3HPxV 
and 3HPxHp of formulas (15) and (17), respectively, using PxHpA in a culture medium containing PxHpA of formula 
is (39) and a saccharide. 

[0179] In addition, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed in a culture medium containing PxHpA of formula (39) and polypeptone. 

[0180] Further, another manufacturing method is characterized in that cultivation of the microorganism is performed 
in a culture medium containing PxHpA of formula (39) and an organic acid associated with the TCA cycle. 

20 [0181] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 steps of culturing; first in a culture medium containing PxHpA of formula (39) and polypeptone, 
and then in a culture medium containing PxHpA of formula (39) and pyruvic acid or its salt with nitrogen limitation. 
[0182] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing monomer units of 3-hydroxy-4-phenoxybutyric acid (3HPxB), 3-hydroxy-6-phenoxyhexanoic acid 

25 (3HPxHx) and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) of formulas (14), (18) and (19), respectively, by being cul- 
tivated in a culture medium containing 8-phenoxyoctanoic acid (PxOA) of formula (40). 
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(40) 



[0183] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer units of 3HPxB, 
3HPxHx and 3HPxO of formulas (14), (18) and (19), respectively, using PxOA in a culture medium containing PxOA 
of formula (40) and a saccharide. 

[0184] In addition, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed in a culture medium containing PxOA of formula (40) and polypeptone. 

[0185] Further, another manufacturing method is characterized in that cultivation of the microorganism is cultivated 
in a culture medium containing PxOA of formula (40) and an organic acid associated with the TCA cycle. 
[0186] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 steps of culturing: first in a culture medium containing PxOA of formula (40) and polypeptone, and 
then in a culture medium containing PxOA of formula (40) and pyruvic acid or its salt with nitrogen limitation. 
[0187] The present inventors have succeeded in obtaining microorganisms which can produce polyhydroxyal- 
kanoates containing monomer units of 3-hydroxy-5-phenoxyvaleric acid (3HPxV), 3-hydroxy-7-phenoxyheptanoic acid 
(3HPxHp) and 3-hydroxy-9-phenoxynonanoic acid (3HPxN) of formulas (15), (17) and (20), respectively, by being 
cultivated in a culture medium containing 11 -phenoxyundecanoic acid (PxUDA) of formula (41). 
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[0188] A manufacturing method for polyhydroxyalkanoates of the present invention is characterized by having the 
step of cultivating microorganisms which can produce polyhydroxyalkanoates containing the monomer units of 3HPxV, 
3HPxHp and3HPxN c! formulas (15), (17) and (20), respectively, using PxUDAin a culture medium containing PxUDA 
so of formula (41 ) and a saccharide. 

[0189] In addition, another manufacturing method is characterized in that cultivation of the microorganism is per- 
formed in a culture medium containing PxUDA of formula (41) and polypeptone. 
[0190] Further, another manufacturing method is 

characterized in that cultivation of the microorganism is performed in a culture medium containing PxUDA of formula 
55 (41 ) and an organic acid associated with the TCA cycle. 

[0191] Furthermore, another manufacturing method is characterized in that cultivation of the microorganisms is per- 
formed by at least 2 steps of culturing; first in a culture medium containing PxUDA of formula (41) and polypeptone, 
and then in a culture medium containing PxUDA of formula (41) and pyruvic acid or its salt with nitrogen limitation. 
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[0192] Further, four new strains suitably usable for production of the above described polyhydroxyalkanoates of the 
present invention include Pseudomonas cichorii YN2, FERM BP-7375, Pseudomonas cichorii H45, FERM BP-7374, 
Pseudomonas putida P91, FERM BP-7373 and Pseudomonas jessenii P161, FERM BP-7376. 
[0193] The PHAs according to the present invention are those PHAS which contain monomer units with a variety of 

5 structures having substituents useful as device and medical materials and others on the side chain, and more specif- 
ically, those which have the above-mentioned substituted or non-substituted phenoxy, phenyl and cyclohexyl groups 
on the side chain. In addition, the method according to the present invention enables the production of desired PHAs 
at a high purity and a high yield by using the microorganisms. Furthermore, the present invention can provide strains 
capable of efficient synthesis of the PHAs at a high purity. In general, the PHAs according to the present invention are 

10 of only the R form, and are isotactic polymers. Saccharides and Organic Acids Involved in the TCA Cycle: Differences 
from Conventional Technology> 

[0194] One method for producing PHA according to the present invention is characterized in that when a microor- 
ganism is cultured, in addition to alkanoate for introducing the desired monomer unit, only saccharide(s) or organic 
acid(s) involved in the TCA cycle as the carbon source other than the alkanoate are added into the medium, so that 
15 the PHA produced by and accumulated in the microorganism has a significantly high content of the monomer unit of 
interest or alternatively only the monomer unit of interest. The effect of facilitating the preference of this particular 
monomer unit is achieved by adding into the medium only saccharide(s) or organic acid(s) involved in the TCA cycle 
as the carbon source other than the alkanoate. 

[0195] That is, the inventors have found that when culture is carried out using saccharide(s) or organic acid(s) in- 
20 volved in the TCA cycle as the co-existing substrate and together with alkanoate for introducing the desired monomer 
unit, the PHA of interest is produced at a particularly superior yield and purity, compared to conventional methods 
employing mcl-alkanoate, such as nonanoate or octanoate, as the co-existing substrate, and that this effect is achieved 
by culture methods allowing acetyl-CoA that is a carbon source as well as an energy source of the microorganism to 
be produced by processes independent on the p-oxidation, and have reached the present invention. 
25 [0196] In the methods according to the invention, saccharide compounds, for example, glucose, fructose : mannose, 
and the like, are utilized as growth substrates for microorganisms, and the produced PHA is of alkanoate for introducing 
the desired monomer unit which is existing with saccharide(s), so that there is contained none of or an extremely small 
amount of monomer units derived from the saccharides such as glucose and others. In this point, the methods according 
to the present invention is essentially different in structures and effects from conventional methods for microbial pro- 
30 duction of PHA in which saccharides themselves, such as glucose and others, are employed as the raw substrate of 
the monomer unit to be introduced into the PHA. 

<Polypeptone: Differences from Conventional Technology> 

35 [0197] One method for producing PHA according to the present invention is characterized in that when a microor- 
ganism is cultured, in addition to alkanoate, a raw material, for introducing the desired monomer unit, only polypeptone 
as the carbon source other than the alkanoate is added into the medium , so that the PHA produced by and accumulated 
in the microorganism has a significantly high content of the monomer unit of interest or alternatively only the monomer 
unit of interest. The effect of facilitating the preference of this particular monomer unit is achieved by adding into the 

40 medium only polypeptone as the carbon source other than the alkanoate. 

[0198] As examples of utilizing polypeptone in microbial production of PHA, Japanese Patent Application Laid-Open 
Nos. 5-49487, 5-64591, 5-214081, 6-145311, 6-284892, 7-48438, 8-89264, 9-191893, and 11-32789 disclose that 
when PHA is produced by microorganisms, polypeptone is allowed to be contained in the media. However, all of these 
utilize polypeptone during preculture, that is, at the stage of simply growing cells, and there are not contained substrates 

45 resulting in the monomer unit of PHA during pre-culture. Furthermore, there are no examples utilizing polypeptone at 
the stage of allowing cells to produce PHA. In contrast, the present invention is intended to produce and accumulate 
PHA, as well as to grow cells, with alkanoate for introducing the desired monomer unit and by co-existing only polypep- 
tone as the carbon sources other than the alkanoate. The production method according to the present invention em- 
ploying polypeptone, therefore, has quite different structures and effects from conventional examples employing 

so polypeptone. Moreover, there is no mention of the preference of the particular monomer units which is the effect of the 
present invention, and no indication of the effect of the preference of the particular monomer units having as substituents 
phenoxy, phenyl and cyclohexyl groups in the composition of PHAs produced by the microorganisms, as in the present 
invention. 

[0199] The PHAs, production methods, and microorganisms of the present invention will be explained in more detail 
55 below. 
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<Supplying Pathways of PHA Monomer Units> 

[0200] At first will be detailed the "fatty acid synthesis pathway," one of pathways supplying mcl-3HA monomer units 
to be mixed into the PHA of interest. 
5 [0201] In the case where saccharides such as glucose and the like are substrates, alkanoates necessary for cellular 
components are biosynthesized form the "fatty acid synthesis pathway" in which acetyl-CoA produced from saccharides 
through the "glycolytic pathway" is a starting substance. The fatty acid synthesis involves the de novo synthesis pathway 
and the carbon-chain elongation pathway, as explained below. 

10 1) De novo Synthesis Pathway 



This pathway is catalyzed by two enzymes, acetyl-CoA carboxylase (EC 6.4.1 .2) and fatty acid synthase (E. 
C. 2.3.1 .85). Acetyl-CoA carboxylase is an enzyme interposing biotin, and ultimately catalyzing the following re- 
action to produce malonyl-CoA from acetyl-CoA. This reaction is of follows: 



Also, fatty acid synthase is an enzyme catalyzing a cycles of reactions of transfer - decarbonation - reduction 
- dehydration - reduction. The entire reactions are represented as follows: 



15 



acetyl-CoA + ATP + HC0 3 * <=> malonyl-CoA 4- ADP + Pi 



20 



acetyl-CoA+ n malonyl-CoA + 2n NADPH + 2n H + => CH 3 (CH 2 ) 2n COOH + n C0 2 + 2n NADP + 4- (n-1) CoA 



25 



Reaction products may be free acids, CoA-derivatives, or ACP-derivatives, depending on the type of enzymes. 
Now, acetyl-CoA and malonyl-CoA are represented by the following chemical formulae (42) and (43), respec- 



tively. 



30 




NH, 



35 



40 



(42) 



HO 



45 



50 



55 



41 




EP 1 113 033 A2 



10 



15 



N 




I HO-P-O OH 



9 H ^ 
HO-P-O 

o 6 



T H C W 
Hi H >° O O 



(43) 
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In addition, Co-A stands for co-enzyme A, and is represented by the following chemical formula (44). 
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(44 ) 



35 



Within this reaction pathway, the route described below gives ,l D-3-hydroxyacyl-ACP," an intermediate to be 
the monomer substrate for the PHA biosynthesis. Additionally, as shown in the following reaction formulae, this 
route extends finally to palmitate with repeated addition of two carbons. Therefore, as the monomer substrate for 
the PHA biosynthesis are provided seven "D-3-hydroxyacyl-ACPs" having even numbers of the carbons, from "D- 
3-hydroxybutyryl-ACP" to "D-3-hydroxypalmityl-ACP. H 
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30 2) Carbon-Chain Elongation Pathway 

This pathway is broadly divided into two pathways: 

a pathway in which malonyl-CoA is added to acyl-ACP, which is finally converted to acyl-ACP having the 
carbon chain extended with two carbons (and C0 2 ) (referred to as Pathway A) and a pathway in which acetyl- 
35 CoA is added to acyl-CoA, which is finally converted to acyl-CoA having the carbon chain extended with two 

carbons (referred to as Pathway B). Each pathway will be explained below. 

Pathway A 

40 R-CO-ACP + malonyl-ACP -> R-CO-CH 2 -CO-ACP + CQ 2 



R-CO-CH 2 -CO-ACP -> R-CHOH-CH 2 -CO-ACP -> R-CH=CH-CO-ACP -> R-CH 2 -CH 2 -CO-ACP 

45 

- Pathway B 

R-CO-CoA + acetyl-CoA -» R-CO-CH 2 -CO-CoA 

50 

R-CO-CH 2 -CO-CoA -> R-CHOH-CH 2 -CO-CoA -> R-CH=CH-CO-CoA -> R-CH 2 -CH 2 -CO-CoA 

[0202] In either Pathway A or B, it is thought that M D-3-hydroxyacyl-CoA" or H D-3-hydroxy acyl-ACP" is yielded as an 
55 intermediate, and "D-3-hydroxyacyl-CoA" is utilized as the monomer substrate for the PHA synthesis as it is, while "D- 
3-hydroxyacyl-ACP" is utilized as the monomer substrate for the PHA synthesis after converting to "D-3-hydroxyacyl- 
CoA" by ACP-CoA transferase. 
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[0203] In the case where saccharides such as glucose and the like are used as a substrate, it is thought that an mcl- 
3HA monomer unit is generated within microbial cells viathe "glycolytic pathway" and the "fatty acid synthesis pathway" 
as described above. In the case where organic acids involved in the TCA cycle are used as a substrate, acetyl-CoA 
is yielded directly from pyruvic acid by pyruvate dehydrogenase. Organic acids in the TCA cycle, for example, malic 
5 acid yields pyruvic acid by malate dehydrogenase, followed by acetyl-CoA by the above-mentioned reaction. 

Oxaloacetic acid yields phosphoenolpyruvic acid by phosphoenolpyruvate carboxykinase, which, in turn, is catalyzed 
to produce pyruvic acid by pyruvate kinase, followed by acetyl-CoA by the above-mentioned reaction. It is thought that 
acetyl-CoA produced by these reactions goes through the "fatty acid synthesis pathway 4 ' to produce an mcl-3HA mon- 
omer unit. 

10 [0204] In these cases, it is thought that mcl-alkanoates, for example, octanoate, nonanoate, and the like, or al- 
kanoates having functional groups other than straight aliphatic alkyl added at the end, for example, such as 5-phenyl- 
valerate, 5-(4-fluorophenyl)valerate : 6-phenylhexanoate, 4-phenoxybutyrate, and 4-cyclohexylbutyrate are converted 
to their CoA-derivatives by CoA-ligases (EC 6.2.1 .3, etc), followed by "D-3-hydroxyacyl-CoA" to be the monomersub- 
strate for the PHA biosynthesis directly by a series of enzymes responsible for the p-oxidation pathway. 

15 [0205] In short, the mcl-3HA monomer units generated from saccharides or organic acids involved in the TCA cycle 
is produced via quite a lot of enzymatic reaction steps (i.e., indirectly), but the mcl-alkanoates should yield the mcl- 
3HA monomer units quite directly. 

[0206] There will now be described the generation of acetyl-CoA responsible for microbial growth. In the method in 
which mcl-alkanoate is co-existed in addition to alkanoatefor introducing the monomer unit of interest, these alkanoates 

20 go through the p-oxidation pathway to produce acetyl-CoA. Generally, mcl-alkanoates are believed to have a superior 
substrate-affinity for a series of enzymes in the p-oxidation pathway, as compared with alkanoates having a bulky 
substituent (alkanoates having substituents such as phenyl, phenoxy, cyclohexyl group, or the like), and thus acetyl- 
CoA is effectively produced by co-existence with mcl-alkanoates. For this reason, it is advantageous to microbial growth 
utilizing acetyl-CoA as the energy and carbon source. 

25 [0207] However, since mcl-alkanoates pathway are directly converted to the monomer unit for PHA via the p-oxida- 
tion, it is a significant problem that the produced PHAs also contains the mcl-3HA monomer unit a lot, in addition to 
the monomer unit of interest. 

[0208] To solve this problem, methods are desirable in which rather than mcl-alkanoate, such substrates that can 
provide acetyl-CoA or the energy and carbon source effectively are selected and allowed to co-exist with the alkanoate 
30 of interest. As mentioned above, acetyl-CoA can be the monomer unit of PHA by going into the fatty acid synthesis 
pathway, but this process is an indirect process of many steps compared with mcl-alkanoate in p-oxidation. Therefore, 
it is possible to achieve a production method not to incorporate or decrease mcl-3HA in PHA by selecting culture 
conditions such as the substrate concentration to generate acetyl-CoA. 

[0209] Alternatively, there are commonly used production methods by which culture is carried out at the first step 
35 only for the purpose of microbial growth and at the second step is added to the medium only the alkanoate of interest 
as the carbon source. In this case, ATP is required by acyl-CoA ligase which is an initial enzyme of the beta-oxidation 
pathway converting the alkanoate to acyl-COA. Consequently, the inventors' investigation has provided the result that 
the" production methods are more effective by which substrates capable of being utilized as the energy source by 
microorganisms are also co-existed at the second step, and accomplished the present invention. 
40 [0210] As substrates which can effectively provide acyl-CoA or the energy and carbon source in method according 
to the present invention, as long as compounds can yield acyl-CoA or the energy and carbon source without going 
through the beta-oxidation pathway, for example, aldoses including glyceraldehyde, erythrose, arabinose, xylose, glu- 
cose, galactose, mannose, and fructose, alditols such as glycerol, erythritol, and xylitol, aldonic acids such as gluconic 
acid, uronic acids such as glucuronic acid and galacturonic acid, saccharides such as disaccharides including maltose, 
45 sucrose, and lactose, and in addition, organic acids involved in the TCA cycle such as lactic, pyruvic, malic, citric, 
succinic, f umaric acids and their salts, and further, medium components derived from natural products such as polypep- 
tone, beef extract, and casamino acid, and the like, any compounds can be used, or selected as appropriate, based 
on usefulness as a substrate for the strains employed. Furthermore, if their combinations result in a small degree of 
mixture with mcl-3HA, two or more "compounds also can be selected for use. 

50 

<Microorganisms> 

[0211] As mentioned in Background of the Invention, there are reports of microorganisms that produce and accu- 
mulate within the cell PHA containing the monomer unit of, for example, 3-hydroxy-4-phenoxybutyrate, 3-hydroxy- 
55 5-fluorophenoxyvalerate, 3-hydroxy-6-cyanophenoxyhexanoate, 3-hydroxy-6-nitrophenoxyhexanoate, 3-hydroxy- 
7-f luorophenoxyheptanoate, such as Pseudomonas oleovorance and Pseudomonas putida as described in Macromoi- 
ecules, 29, 3432-3435 (1996), Can. J. Microbiol , 41 , 32-43 (1995), Japanese Patent No. 2989175, and others. How- 
ever, there are no report of microorganisms that produce and accumulate within the cell PHA containing the monomer 
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unit of 3-hydroxy-4-phenoxybutyrates having substituents such as fluorine, cyano, nitro groups. Macromolecules, 32, 
2889-2895 (1999) reported that Pseudomonas oieovorance produces PHA containing the monomer units of 3-hydroxy- 
5-(2,4-dinitrophenyl)valerate and 3-hydroxy-5-(4-nitrophenyl)valerate by culturing it in a medium containing 5-(2,4-din- 
itrophenyl)valerate and nonanoate as substrates. However, there are no reports on microorganisms that produce and 
5 accumulate within the cell PHA containing as the monomer unit 3-hydroxy-phenylalkanoates having a substituent such 
as fluorine, trifluoromethyl group. Therefore, the present invention has been achieved by screening microorganisms 
capable of incorporating these new monomer units into PHA. 

[0212] Novel microorganisms of the present invention have a previously unknown capability of producing and accu- 
mulating within the cell PHA containing a new monomer unit derived from an alkanoate using the alkanoate as a 

10 substrate. Microorganisms displaying such a novel enzymatic reaction have been found by the inventors by screening. 
The novel microorganisms of the present invention are Pseudomonas cichorii strain YN2 (FERM BP-7375), Pseu- 
domonas cichorii strain H45 (FERM BP-7374), Pseudomonas putida strain P91 (FERM BP-7373), and Pseudomonas 
jessenii strain P161 (FERM BP-7376). Other than these microorganisms: microorganisms to be utilized in the produc- 
tion method of PHA according to the present invention can be obtained by culturing a bacterial strain, for example, of 

is genus Pseudomonas, employing the alkanoates as the substrate, for example. 
[0213] There will be given details concerning strains YN2, H45, P91 , and P161 . 

<Bacteriological Properties of Strain YN2> 



20 [0214] 



25 



(1) Morphological Properties 

Shape and size of cells: rod, 0.8 ujn x 1 .5 to 2.0 jim 
Polymorphism of cells: negative 
Mobility: motile 
Sporulation: negative 
Gram staining: negative 

Colony shape: circular; entire, smooth margin; low 
convex; smooth surface; glossy; translucent 



30 



35 



40 



45 



(2) Physiological Properties 
Catalase: positive 
Oxidase: positive 

O/F test: oxidative (non-fermentative) 

Nitrate reduction: negative 

Indole production: positive 

Acid production from glucose: negative 

Arginine dihydrolase: negative 

Urease: negative 

Esculin hydrolysis: negative 

Gelatin hydrolysis: negative 

p-Galactosidase: negative 

Fluorescent pigment production on King's B agar: 

positive 

Growth under 4% NaCI: positive (weak growth) 

Poly-p-hydroxybutyrate accumulation: negative () Tween 80 hydrolysis: positive 

O Colonies cultured on nutrient agar were stained with Sudan Black for determination. 
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(3) Substrate Assimilation 
Glucose: positive 
L-Arabinose: positive 
D-Mannose: negative 
D-Mannitol: negative 
N-Acetyl-D-glucosamine: negative 
Maltose: negative 
Potassium gluconate: positive 
n-Caprate: positive 
Adipate: negative 
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dl-Malate: positive 
Sodium citrate: positive 
Phenyl acetate: positive 

<Bacterio!ogical Properties of Strain H45> 

[0215] 

(1) Morphological Properties 

Shape and size of cells: rod, 0.8 um x 1 .0 to 1 .2 \im 
Polymorphism of cells: negative 
Mobility: motile 
Sporulation: negative 
Gram staining: negative 

Colony shape: circular; entire, smooth margin; low 
convex; smooth surface; glossy; cream-colored 

(2) Physiological Properties 
Catalase: positive 
Oxidase: positive 

O/F test: oxidative 

Nitrate reduction: negative 

Indole production: negative 

Acid production from glucose: negative 

Arginine dihydrolase: negative 

Urease: negative 

Esculin hydrolysis: negative 

Gelatin hydrolysis: negative 

p-Galactosidase: negative 

Fluorescent pigment production on the King's B agar: 
positive 

Growth under 4% NaCI: negative 
Poly-p-hydroxybutyrate accumulation: negative 

(3) Ability to assimilate substrates 
Glucose: positive 
L-Arabinose: negative 
D-Mannose: positive 
D-Mannitol: positive 
N-Acetyl-D-glucosamine: positive 
Maltose: negative 

Potassium gluconate: positive 
n-Caprate: positive 
Adipate: negative 
dl-Malate: positive 
Sodium citrate: positive 
Phenyl acetate: positive 

<Bacterioiogical Properties of Strain P91 > 

[0216] 

(1) Morphological Properties 

Shape and size of cells: rod, 0.6 ujti x 1 .5 pm 

Polymorphism of cells: negative 

Mobility: motile 

Sporulation: negative 

Gram staining: negative 
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Colony shape: circle; entire, smooth margin; low 
convex; smooth surface; glossy; cream-colored 

(2) Physiological Properties 
Catalase: positive 
Oxidase: positive 

O/F test: oxidative 

Nitrate reduction: negative 

Indole production: negative 

Acid production from glucose: negative 

Arginine dihydrolase: positive 

Urease: negative 

Esculin hydrolysis: negative 

Gelatin hydrolysis: negative 

p-Galactosidase: negative 

Fluorescent pigment production on the King's B agar: 
positive 

(3) Substrate assimilation 
Glucose: positive 
L-Arabinose: negative 
D-Mannose: negative 
D-Mannitol: negative 
N-Acetyl-D-glucosamine: negative 
Maltose: negative 

Potassium gluconate: positive 
n-Caprate: positive 
Adipate: negative 
dl-Malate: positive 
Sodium citrate: positive 
Phenyl acetate: positive 

bacteriological Properties of the Strain P161> 

(1) Morphological Properties 

Shape and size of cells: spheres, <t>0.6 jim 

rods, 0.6 jxm x 1 .5 to 2.0 pm 
Polymorphism of cells: elongated form 
Mobility: motile 
Sporulation: negative 
Gram staining: negative 

Colony shape: circle; entire, smooth margin; low 
convex; smooth surface; pale yellow 

(2) Physiological Properties 
Catalase: positive 
Oxidase: positive 

O/F test: oxidative 

Nitrate reduction: positive 

Indole production: negative 

Acid production from glucose: negative 

Arginine dihydrolase: positive 

Urease: negative 

Esculin hydrolysis: negative 

Gelatin hydrolysis: negative 

p-Galactosidase: negative 

Fluorescent pigment production on the King's B agar: 
positive 
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(3) Substrate assimilation 

Glucose: positive 

L-Arabinose: positive 

D-Mannose: positive 
5 D-Mannitoi: positive 

N-Acetyl-D-glucosamine: positive 

Maltose: negative 

Potassium gluconate: positive 

n-Caprate: positive 
10 Adipate: negative 

dl-Malate: positive 

Sodium citrate: positive 

Phenyl acetate: positive 

15 [0217] Based on these bacteriological properties, and referring to Bergey's Manual of Systematic Bacteriology, vol. 
1 (1984) and Bergey's Manual of Determinative Bacteriology, 9th ed. (1994), strains YN2 and H45 were revealed to 
belong to Pseudomonas cichorii, and strain P91 was revealed to belong to Pseudomonas putida. Accordingly, these 
strains were designated Pseudomonas cichorii strain YN2 : Pseudomonas cichorii strain H45 : and Pseudomonas putida 
strain P91. 

20 [0218] Strain P1 61 , on the other hand, was revealed to belong to the genus Pseudomonas (Pseudomonas sp.), but 
its bacteriological properties could not identify its taxonomic position. Then, to do classification based on genetic prop- 
erties, the DNA sequence of 16S rRNA coding region of strain P161 (SEQ ID NO: 1) has been determined to examine 
the homology with the DNA sequences of 16S RNA coding region of known microorganisms of genus Pseudomonas. 
The results have shown that there is a remarkably high homology of the DNA sequences between strain P161 and 

25 Pseudomonas jessenii. Furthermore, bacteriological properties of Pseudomonas jessenii described in System. Appl. 
Microbiol., 20, 137-149 (1997) and System. Appl. Microbiol. : 22, 45-58 (1999) were found to have a high similarity to 
those of strain P161 . From these results, strain P161 was designated Pseudomonas jessenii strain P161 , since it was 
concluded that it is appropriate that strain P161 should be attributed to belong to Pseudomonas jessenii. 
[0219] Strains YN2, H45, P91 , and P161 have been deposited at National Institute of Bioscience and Human-Tech- 

30 nology (Patent Microorganism Depository Center), Agency of Industry Science and Technology, Ministry of International 
Trade and Industry, under the deposition numbers 'TERM BP-7375," "FERM BP-7374," "FERM BP-7373," and "FERM 
BP-7376," respectively. 

<Culture: General> 

35 

[0220] The PHAs of interest can be produced by culturing these microorganisms in a medium containing alkanoate 
for introducing the desired monomer unit and growth substrates according to the present invention. These PHAs are 
generally of only the R-form, and are isotactic polymers. 

[0221 ] For usual culture of microorganisms to be employed in the production method of PH A according to the present 
40 invention, for example, for preparation of cell stocks, for maintaining of the number and activities of the cells, any type 
of media can be used, such as common natural media and synthetic media supplemented with nutrients, unless they 
have adverse effects on the growth or existence of the microorganisms. Culture conditions such as temperature, aer- 
ation, stirring, and the like are selected as appropriate, depending on the microorganism employed. 
[0222] In the case where microorganisms are used to produce and accumulate PHA, inorganic media and others 
45 containing alkanoate for introducing the desired monomer unit can be employed as a medium for the PHA production. 
[0223] For inorganic media employed in the above-mentioned culture method, any media can be used, as long as 
they contain components allowing microorganisms to grow, such as phosphorus sources (for example, phosphates), 
nitrogen sources (for example, ammonium salts, nitrates), and the like. Such inorganic media may include, for example, 
MSB medium, E medium (J. Biol. Chem. 218, 97-106 (1956)), M9 medium, and others. 
50 [0224] The composition of M9 medium employed in Examples 'of the present invention is as follows: 
Na 2 HP0 4 : 6.2 g 
KH 2 P0 4 : 3.0 g 
MaCI: 0.5 g 
NH 4 CI: 1.0 g 
55 (per litter of medium, pH 7.0) 

[0225] Culture conditions may include, for example, shaking culture and stirring culture under aerobic conditions at 
15 to 40°C, and preferably 20 to 35°C. 

[0226] The culture steps can utilize any processes employed for usual culture of microorganisms, such as batch, 
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flow batch, semi-continuous, continuous, and reactor-type cultures, and may take multi-step processes connecting 
plural steps of these processes. 

[0227] For respective growth substrates, specific culture steps will be described as follows: 
5 <Culture: mcl-Alkanoates> 

[0228] As a method of, for example, two-step culture, there is a method by which the first-step culture is carried out 
in an inorganic medium or the like containing a first alkanoate having 6 to 12 carbon atoms, such as octanoate and 
nonanoate, as the growth substrate at an amount of the order of 0.1% by weight to 0.2% by weight and a second 

10 alkanoate for introducing the desired monomer unit at an amount of the order of 0.01% by weight to 0.5% by weight 
until the time of the late logarithmic growth phase to the stationary phase, and at the second step, cells after the first- 
step culture is completed are collected by centrifugation or the like, followed by further culturing them in an inorganic 
medium containing the second alkanoate at an amount of the order of 0.01% by weight to 0.5% by weight and no 
nitrogen sources, and after the culture is completed, the cells are harvested to extract the desired PHA. 

is [0229] Alternatively, there is another method by which culture is carried out by supplying a first alkanoate having 6 
to 12 carbon atoms, such as octanoate and nonanoate, at an amount of the order of 0.1% by weight to 0.2% by weight 
and a second alkanoate for introducing the desired monomer unit at an amount of the order of 0.01% by weight to 
0.5% by weight, and cells are harvested at the time of the late logarithmic growth phase to the stationary phase to 
extract the desired PHA. 

20 [0230] In the methods in which mcl-alkanoate as the growth substrate is added to the medium ; the obtained PHAs 
are ones in which is mixed a large amount of the monomer unit derived from the mcl-alkanoate added as the growth 
substrate. Such PHAs are generally of only the R form, and are isotactic polymers. 

<Culture: Saccharides> 

25 

[0231] As a method, for example, a two-step culture, there is a method by which the first-step culture is carried out 
in an inorganic medium or the like containing saccharide(s) (for example, glucose, mannose, fructose, etc.) as the 
growth substrate at an amount of the order of 0.1% by weight to 2.0% by weight and alkanoate for introducing the 
desired monomerunit at an amount oftheorderof 0.01% by weight to 0.5% by weight until thetime of the late logarithmic 

30 growth phase to the stationary phase, and at the second step, cells after the first-step culture is completed are collected 
by centrifugation or the like, followed by further culturing them in an inorganic medium containing saccharide(s) (for 
example, glucose, mannose, fructose, etc.) as the growth substrate at an amount of the order of 0.1% by weight to 
2.0% by weight, the alkanoate at an amount of the order of 0.01% by weight to 0.5% by weight, and no nitrogen sources, 
and after the culture is completed, the cells are harvested to extract the desired PHA. 

35 [0232] Alternatively, there is another method by which culture is carried out by supplying saccharide(s) (for example, 
glucose, mannose, fructose, etc.) as the growth substrate at amounts of the order of 0. 1 % by weight to 2.0% by weight 
and alkanoate for introducing the desired monomer unit at an amount of the order of 0.01% by weight to 0.5% by 
weight, and cells are harvested at the time of the late logarithmic growth phase to the stationary phase to extract the 
desired PHA. 

40 [0233] In these cases, the concentration of the saccharides (for example, glucose, mannose, fructose, etc.) to be 
added to the medium is selected as appropriate, depending on the type of alkanoate for introducing the desired mon- 
omer unit, the genus and species of the microorganism, the cell density, or the culture process, although addition can 
be selected such that the content in the medium is usually in the order of 0.1% by weight to 2.0% by weight. On the 
other hand : the concentration of the alkanoate to be raw material is also selected as appropriate, depending on the 

45 genus and species of the microorganism, the cell density, or the culture process, although addition can be selected 
such that the content in the medium is usually in the order of 0.01% by weight to 0.5% by weight. Thus, by culturing 
the microorganism in a medium containing saccharide(s) (for example, glucose, mannose, fructose., etc.) and the al- 
kanoate, the desired PHAs can be produced and accumulated in which the monomer unit other than the intended one 
is incorporated at a small amount or not at all. These PHAs are generally of only the R form, and are isotactic polymers. 

50 

<Culture: Polypeptone> 

[0234] As a method of, for example, a two-step culture, there is a method by which the first-step culture is carried 
out in an inorganic medium or the like containing polypeptone as the growth substrate at an amount of the order of 
55 0.1% by weight to 2.0% by weight and alkanoate for introducing the desired monomer unit at an amount of the order 
of 0.01% by weight to 0.5% by weight until the time of the late logarithmic growth phase to the stationary phase, and 
at the second step, cells after the first-step culture is completed are collected by centrifugation or the like, followed by 
further culturing them in an inorganic medium containing the alkanoate at an amount of the order of 0.01% by weight 
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to 0.5% by weight, and no nitrogen sources, and after the culture is completed, the cells are harvested to extract the 
desired PHA. 

[0235] Alternatively, there is another method by which culture is carried out by supplying polypeptone at an amount 
of the order of 0.1% by weight to 2.0% by weight and alkanoate for introducing the desired monomer unit at an amount 
of the order of 0.01% by weight to 0.5% by weight, and cells are harvested at the time of the late logarithmic growth 
phase to the stationary phase to extract the desired PHA. 

[0236] In these cases, the concentration of polypeptone to be added to the medium is selected as appropriate, 
depending on the type of alkanoate for introducing the desired monomer unit, the genus and species of the microor- 
ganism, the cell density, orthe culture process, although addition can be selected such that the content in the medium 
is usually in the order of 0.1% by weight to 2.0% by weight. For polypeptone, it is also possible to use, as appropriate, 
any commercial available polypeptone that is commonly employed for culturing microorganisms and the like. On the 
other hand : the concentration of the alkanoate to be raw material is also selected as appropriate, depending on the 
genus and species of the microorganism, the cell density, or the culture process, although addition may be selected 
such that the content in the medium is usually in the order of 0.01% by weight to 0.5% by weight. Thus, by culturing 
the microorganism in a medium containing polypeptone and the alkanoate, the desired PHAs can be produced and 
accumulated in which the monomer unit other than the intended one is incorporated at a small amount or not at all. 
These PHAs are generally of only the R form, and are isotactic polymers. 

<Culture: Organic Acids of TCA Cycle> 

[0237] As a method of, for example, a two-step culture, there is a method by which the first-step culture is carried 
out in an inorganic medium orthe like containing organic acid(s) involved in the TCA cycle (for example, lactic, pyruvic, 
citric, succinic, fumaric, malic acids and the like, and salts thereof) as the growth substrate at an amount of the order 
of 0.1 % by weight to 2.0% by weight and alkanoate for introducing the desired monomer unit at an amount of the order 
of 0.01% by weight to 0.5% by weight until the time of the late logarithmic growth phase to the stationary phase, and 
at the second step, cells after the first-step culture is completed are collected by centrif ugation or the like, followed by 
further culturing them in an inorganic medium containing organic acid(s) of the TCA cycle (for example, lactic, pyruvic, 
citric, succinic, fumaric, malic acids and the like, and salts thereof) as the growth substrate at an amount of the order 
of 0.1% by weight to 2.0% by weight, the alkanoate at an amount of the order of 0.01% by weight to 0.5% by weight, 
and no nitrogen sources, and after the culture is completed, the cells are harvested to extract the desired PHA. 
[0238] Alternatively, there is another method by which culture is carried out by supplying organic acid(s) of the TCA 
cycle (for example, lactic, pyruvic, citric, succinic, fumaric, malic acids and the like, and salts thereof) at an amount of 
the order of 0.1% by weight to 2.0% by weight and alkanoate for introducing the desired monomer unit at an amount 
of the order of 0.01% by weight to 0.5% by weight, and cells are harvested at the time of the late logarithmic growth 
phase to the stationary phase to extract the desired PHA. 

[0239] In these cases, the concentration of organic acids of the TCA cycle (for example, lactic, pyruvic, citric, succinic, 
fumaric, malic acids and the like, and salts thereof) to be added to the medium is selected as appropriate, depending 
on the type of alkanoate for introducing the desired monomer unit, the genus and species of the microorganism, the 
cell density, or the culture process, although addition can be selected such that the content in the medium is usually 
in the order of 0.1% by weight to 2.0% by weight. On the other hand, the concentration of the alkanoate to be raw 
material is also selected as appropriate, depending on the genus and species of the microorganism, the cell density, 
orthe culture process, although addition can be selected such that the content in the medium is usually in the order 
of 0.01% by weight to 0.5% by weight. Thus, by culturing the microorganism in a medium containing organic acid(s) 
of the TCA cycle (for example, lactic, pyruvic, citric, succinic, fumaric, malic acids and the like, and salts thereof) and 
the alkanoate, the desired PHAs can be produced and accumulated in which the monomer unit other than the intended 
one Is incorporated at a small amount or not at all. These PHAs are generally of only the R form, and are isotactic 
polymers. 

<Culture: Polypeptone + Pyruvic Acid and Salts Thereof> 

[0240] As a method of, for example, a two-step culture, there is a method by which the first-step culture is carried 
out in an inorganic medium or the like containing polypeptone as the growth substrate at an amount of the order of 
0.1% by weight to 2.0% by weight and alkanoate for introducing the desired monomer unit at an amount of the order 
of 0.01% by weight to 0.5% by weight until the time of the late logarithmic growth phase to the stationary phase, and 
at the second step, cells after the first-step culture is completed are collected by centrifugation or the like, followed by 
further culturing them in an inorganic medium containing pyruvic acid or salt thereof as the growth substrate at an 
amount of the order of 0.1% by weight to 2.0% by weight, the alkanoate at an amount of the order of 0.01% by weight 
to 0.5% by weight, and no nitrogen sources, and after the culture is completed, the cells are harvested to extract the 
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desired PHA. 

[0241] In these cases, the concentration of polypeptone and pyruvic acid or salt thereof to be added to the medium 
is selected as appropriate, depending on the type of alkanoate for introducing the desired monomer unit, the genus 
and species of the microorganism, the cell density, or the culture process, although addition can be selected such that 

5 the content in the medium is usually in the order of 0.1% by weight to 2.0% by weight in each case. On the other hand, 
the concentration of the alkanoate to be raw material is also selected as appropriate, depending on the genus and 
species of the microorganism, the cell density, or the culture process, although addition can be selected such that the 
content in the medium is usually in the order of 0.01 % by weight to 0.5% by weight. Thus, by culturing the microorganism 
in two steps utilizing a medium containing polypeptone and the alkanoate and a medium containing pyruvic acid or 

10 salt thereof and the alkanoate, the desired PHAs can be produced and accumulated in which the monomer unit other 
than the intended one is incorporated at a small amount or not at all. These PHAs are generally of only the R form, 
and are isotactic polymers. 

<PHA Recovery> 

15 

[0242] For PHA recovery from cells in the method according to the present invention, usually-operating extraction 
with organic solvents such as chloroform is most convenient, but in the circumstances where it is difficult to use organic 
solvents, it is also possible to utilize methods of collecting PHA by removing cellular components other than PHA by 
means of treatment with detergents such as SDS and the like, treatment with enzymes such as lysozyme and the like, 
20 treatment with chemicals such as EDTA, sodium hypochlorite, ammonia, and the like. 

<Molecular Weight> 

[0243] The PHAS according to the present invention can be obtained by utilizing the above-mentioned methods. It 
25 is desirable that the PHAs have a number average molecular weight of more than at least 10,000 or so, in order to 
allow stable physical properties as polymer, for example, such as glass transition temperature, softening point, melting 
point, crystallinity, orientation defined by the monomer unit of which the polymer is composed, to be fixed. The PHAs 
according to the present invention have a number average molecular weight of about 20,000 or higher, and therefore 
can be sufficiently expected to display stable physical properties as polymer. From the viewpoint of convenience of 
30 treatments such as dissolving processes, the PHAs preferably have a number average molecular weight of up to 
200,000 or so, and more preferably not more than 100,000 As mentioned above, these PHAs are generally composed 
of only the R fort*), and are isotactic polymers. 

[0244] Culturing of the microorganisms, production and accumulation of PHAs within cells by the microorganisms, 
and recovery of PHAs from the cells are not limited to the methods described above. For example, in addition to four 
35 strains described above, microorganisms to be employed in the method of producing PHAs according to the present 
invention can utilize microorganisms having similar production capabilities of producing PHAs according to the present 
invention as those of these four strains. 

[0245] It is likely that these PHAs are useful, for example, for device and medical materials and others, as well as 
applications in which common plastics are used. Those having fluorine atom(s), trifluoromethyl group, and the like 
40 introduced as a substituent group, in particular, are expected to have a superior biocompatibility, and therefore appli- 
cations to medical uses. Furthermore, they are predicted to have a water-repellent effect due to containing fluorine 
atom(s), trifluoromethyl group, and the like, and thus applications to water-repellent treatments in various fields are 
also possible. Specifically, applications to temporary water-repellent treatments also can be contemplated utilizing 
biodegradability resulting from aliphatic polyesters. 

45 

(Examples) 
[Example 1] 

so [0246] The substrate FPVA was first synthesized by the Grignard reaction according to the method described in 
"Macromolecules, 29, 1762-1766 (1996) and 27, 45-49 (1994)". 5-bromovaleric acid was dissolved in anhydrous tet- 
rahydrofuran (THF), and 3 mol/L of a methyl magnesium chloride THF solution was added dropwise at -20°C in an 
argon atmosphere. After stirring for about 15 min, a THF solution of 1-bromo-4-fluorobenzene and magnesium was 
further dropped and a THF solution of 0.1 mol/L Li 2 CuCI 4 was added (temperature was maintained at -20°C). The 

55 reaction solution was resumed to room temperature and further stirred overnight. Then the solution was poured into a 
20% sulfuric acid solution cooled on ice, and stirred. The aqueous layer was recovered, saturated with salt, and ex- 
tracted with ether. After the extract was further extracted with 100 mL of deionized water, to which 50 g of potassium 
hydroxide was added, the extract was acidified with a 20% sulfuric acid solution and the precipitate was recovered. 
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[0247] The precipitate was analyzed with nuclear magnetic resonance equipment (FT-NMR: Bruker DPX400) under 
the following conditions: nuclide: 1 H and 13 C; solvent: heavy chloroform (containing TMS). The results are shown in 
FIG. 1 and Table 3. 

5 [Example 2] 

[0248] Cells of strain H45 was inoculated in 200 mL of M9 medium containing nonanoic acid 0.1% and FPVA 0.1%, 
and shake-cultured at 30°C at 1 25 strokes/min, After 24 hours, the cells were collected by centrifugation, resuspended 
in 200 mL of M9 medium containing FPVA 0.2% but not a nitrogen source (NH 4 CI), and further shake-cultured at 30°C 
10 at 125 strokes/min. After 24 hours, the cells were collected by centrifugation, washed once with cold methanol and 
lyophilized. 

[0249] The lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 20 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 pm pore size, the filtrate was concentrated with a rotary 
evaporator and the concentrate was reprecipitated in cold methanol. Only the precipitate was then recovered and 
15 vacuum-dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional 
method, it was analyzed with a gas chromato graph -mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and 
the methyl esters of the PHA monomer unit were identified. The results are shown in Table 4. 

[Example 3] 

20 

[0250] Ceils of strain YN2 was inoculated in 200 mL of M9 medium containing nonanoic acid 0.1% and FPVA 0.1%, 
and shake-cultured at 30°C at 125 strokes/min. After 24 hours, the cells were collected by centrifugation, resuspended 
in 200 mL of M9 medium containing FVPA 0.2% but not a nitrogen source (NH 4 CI), and further shaken-cultured at 
30°C at 125 strokes/min. After 24 hours, the cells were collected by centrifugation, washed once with cold methanol 
25 and lyophilized. 

[0251] The lyophilized pellet was suspended in 100 mL of chloroform, stirred at 60°C for 20 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 u.m in diameter, the filtrate was concentrated with a rotary 
evaporator and the concentrate was reprecipitated in cold methanol. The precipitate was then recovered and vacuum- 
dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional method, it 
30 was analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and the methyl 
esters of the PHA monomer unit were identified. The results are shown in Table 5. 

[Example 4] 

35 [0252] Cells of strain P91 were inoculated in 200 mL of M9 medium containing nonanoic acid 0.1% and shaken- 
cultured at 30°C at 125 strokes/min. After 24 hours, the cells were collected by centrifugation, resuspended in 200 mL 
of M9 medium containing nonanoic acid 0.1% and FPVA 0.1% but not a nitrogen source (NH 4 CI), and further shaken- 
cultured at 30°C at 125 strokes/min. After 24 hours, the cells were collected by centrifugation, washed once with cold 
methanol and lyophilized. 

40 [0253] The lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 20 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 u.m in diameter, the filtrate was concentrated with a rotary 
evaporator and the concentrate was reprecipitated in cold methanol. Only the precipitate was then recovered and 
vacuum-dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional 
method, it was analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and 

45 the methyl esters of the PHA monomer unit were identified. The results are shown in Table 6. 

[Example 5] 

[0254] Cells of strain P161 were inoculated in 200 mL of M9 medium containing nonanoic acid 0.1% and shaken- 
50 cultured at 30°C at 1 25 strokes/min. After 24 hours, the cells were collected by centrifugation, resuspended in 200 mL 
of M9 medium containing nonanoic acid 0.1% and FPVA 0.1% but not a nitrogen source (NH 4 CI), and further shaken- 
cultured at 30°C at 125 strokes/min, After 24 hours, the cells were collected by centrifugation, washed once with cold 
methanol and lyophilized. 

[0255] The lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 20 hours to extract PHA. 
55 After the extract was filtered with a membrane filter of 0.45 urn in diameter, the filtrate was concentrated with a rotary 
evaporator and the concentrate was reprecipitated in cold methanol. Only the precipitate was then recovered and 
vacuum-dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional 
method, it was analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and 
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the methyl esters of the PHA monomer unit were identified. The results are shown in Table 7. 
[Example 6] 

5 [0256] After 1 00 mg of PHA derived from strain H45 was dissolved in 1 mL of chloroform, n-hexane was added until 
it was clouded. This was centrifuged to recover and vacuum-dried the precipitate. This was again dissolved in 1 mL 
of chloroform, n-hexane was added, and the procedure of recovering the precipitate was repeated three times. 
[0257] After the precipitate obtained was subjected to methanolysis according to the conventional method, it was 
analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and the methyl 

w esters of the PHA monomer unit were identified. As a result, the precipitate was found to be PHA whose monomer unit 
consisted of 3HFPV monomer alone as shown in Table 8. 

[0258] In addition, nuclear magnetic resonance equipment (FT-NMR: Bruker DPX400) was used for analysts under 
the following condition: nuclide: 1 H and 13 C; solvent: heavy chloroform (containing TMS). The results are shown in 
FIG. 2, Table 9, FIG. 3 and Table 10. 

15 

[Example 7] 
(Synthesis of FPxVA) 

20 [0259] After 240 mL of dehydrated acetone was put into a three-necked round-bottom flask, sodium iodide (0.06 
mol), potassium carbonate (0.1 1 mol) and 4-fluorophenol (0.07 mol) were added and thoroughly stirred. 5-bromoethyl- 
valerate (0.06 mol) was dropped into the solution in a nitrogen atmosphere, refluxed at 60±5°C and allowed to react 
for 24 hours. After reaction, the reaction solution was concentrated to dryness with an evaporator and redissolved in 
methylene chloride. Water was added and the solution was separated. The organic layer was dehydrated with anhy- 

25 drous magnesium sulfate and concentrated to dryness with an evaporator. 

[0260] Hot methanol was added to the reactant, dissolved, slowly cooled and reprecipitated to obtain 5-(4-fluoroph- 
enoxy)ethylvalerate. At this time, the yield .from 5-bromoethylvalerate was 68 mol %. 

[0261] The reactant (ester) obtained was dissolved in ethanol-water (9.1 (v/v)) so as to be 5 weight %. Ten-fold molar 

quantity of potassium hydroxide was added and allowed to react at 0 to 4°C for 4 hours to hydrotyze the ester. 
30 [0262] The reaction solution was poured into 10 volumes of a 0.1 mol/L hydrochloric acid solution and the precipitate 

was recovered by filtration. The precipitate (reactant) recovered was vacuum-dried at room temperature for 36 hours. 

The dried substance obtained was dissolved in a small quantity of hot ethanol, and the solution was gradually cooled, 

reprecipitated, vacuum-dried at room temperature for 24 hours to obtain the target compound 5-(4-fluorophenoxy) 

valeric acid. The yield of this compound from 5-bromoethyl valerate was 49 mol %. 
35 [0263] The compound obtained was analyzed by NMR under the following conditions: 

<Equipment> 

FT-NMR: Bruker DPX400 

1 H resonance frequency: 400 MHZ 

<Measurement conditions> 
40 nuclide: 1 H 

solvent: CDCI 3 

reference: capillary-contained TMS/CDCI 3 
temperature: room temperature 

[0264] The spectral chart is shown in FIG. 4 and the results of identification are shown in Table 1 1 . 
45 [0265] The above results confirmed that the desired FPxVA was certainly synthesized. 

[Example 8] 

(Production of PHA by strain P91) 

50 

[0266] Cells of strain P91 were inoculated in 200 mL of M9 medium containing nonanoic acid 0.1 weight % and 
FPxVA 0.1 weight %, and shaken-cultured at 30°C at 125 strokes/min. After 24 hours, the cells were collected by 
centrifugation, resuspended in 200 mL of M9 medium containing nonanoic acid 0.1 weight % and FPxVA 0.1 weight 
% but not a nitrogen source (NH 4 CI), and further shaken-cultured at 30°C at 125 strokes/min. After 24 hours, the cells 
55 were collected by centrifugation, washed once with cold methanol and lyophilized. 

[0267] After the lyophilized pellet was weighed, it was suspended in 100 mL of chloroform and stirred at 60°C for 20 
hours to extract PHA. After the extract was filtered with a membrane filter of 0.45 u.m in pore size, the filtrate was 
concentrated with a rotary evaporator and the concentrate was reprecipitated in cold methanol. Only the precipitate 
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was then recovered and vacuum-dried to obtain and weigh PHA. The yields are shown in Table 12. 
[0268] The PHA obtained was measured for the molecular weight by gel permeation chromatography (GPC; Toso 
HCL-8020, column: Polymer Laboratory PLgel MIXED-C (5 u.m), solvent: chloroform, converted on a polystyrene basis). 
The molecular weight is shown in Table 13. 

5 [0269] In addition, after the PHA obtained was subjected to methanolysis according to the conventional method, it 
was analyzed by GC-MS and the methyl esters of the PHA monomer unit were identified. The TIC and the mass 
spectrum of each peak are shown in FIG. 5 to FIGS. 7A and 7B. Peak (1) was shown to represent 3-hydroxymethyl- 
heptanoate, Peak (2) 3-hydroxymethyloctanoate, Peak (3) 3-hydroxymethylnonanoate, and Peak (4) 3 hydroxy-4- 
(4-fluorophenoxy) methylvalerate. 

10 [0270] The above results indicated that the polymer obtained was PHA containing the units of 3-hydroxyheptanoic 
acid, 3-hydroxyoctanoic acid, 3-hydroxynonanoic acid and 3-hydroxy-4-(4-fluorophenoxy)valeric acid. 

[Example 9] 

is (Production of PHA by strain YN2 (1 )) 

[0271] Except that strain P91 was replaced by strain YN2, the same procedures as described in Example 8 were 
used to produce PHA, and each analysis was performed. The yields are shown in Table 12, the molecular weight in 
Table 13, and the TIC of GC-MS in FIG. 8. Peak (1) was shown to represent 3-hydroxymethylheptanoate, Peak (2) 
20 3-hydroxymethyloctanoate, Peak (3) 3-hydroxymethylnonanoate, and Peak (4) 3-hydroxy-4-(4-fluorophenoxy) meth- 
ylvalerate. 

[0272] The above results indicated that the polymer obtained was PHA containing the units of 3-hydroxyheptanoic 
acid, 3-hydroxyoctanoic acid, 3-hydroxynonanoic acid and 3-hydroxy-4-(4-fluorophenoxy)valeric acid. 

25 [Example 10] 

(Production of PHA by strain P161) 

[0273] Except that strain P91 was replaced by strain P161 , the same procedures as described in Example 8 were 
30 used to produce PHA, and each analysis was performed. The yields are shown in Table 12, the molecular weight in 
Table 13, and the TIC of GC-MS in FIG. 9. Peak (1) was shown to represent 3-hydroxymethylheptanoate ; Peak (2) 
3-hydroxymethyloctanoate, Peak (3) 3-hydroxymethylnonanoate, and Peak (4) 3 hydroxy-4-(4-fluorophenoxy) meth- 
ylvalerate. 

[0274] The above results indicated that the polymer obtained was PHA containing the units of 3-hydroxyheptanoic 
35 acid, 3-hydroxyoctanoic acid, 3-hydroxynonanoic acid and 3-hydroxy-4-(4-fluorophenoxy)valeric acid. 

[Example 11] 

(Production of PHA by strain H45) 

40 

[0275] Except that strain P91 was replaced by H45 strain, the same procedures as described in Example 8 were 
used to produce PHA, and each analysis was performed. The yields are shown in Table 12, the molecular weight in 
Table 13, and the TIC of GC-MS in FIG. 10. Peak (1) was shown to represent 3-hydroxymethylheptanoate, Peak (2) 
3-hydroxymethyloctanoate, Peak (3) 3-hydroxymethylnonanoate, and Peak (4) 3-hydroxy-4-(4-fluorophenoxy) meth- 
^5 y| valerate. 

[0276] The above results indicated that the polymer obtained was PHA containing the units of 3-hydroxyheptanoic 
acid, 3-hydroxyoctanoic acid, 3-hydroxynonanoic acid and 3-hydroxy-4-(4-fluorophenoxy)valeric acid. 

[Example 12] 

so 

(Production of PHA by strain YN2 (2)) 

[0277] Cells of strain YN2 were inoculated in 200 mL of M9 medium containing hexanoic acid 0.1 weight % and 
FPxVA 0.1 weight %, and shaken-cultured at 30°C at 125 strokes/min. After 72 hours, the cells were collected by 
55 centrifugation and resuspended in 200 mL of M9 medium containing hexanoic acid 0.1 weight % and FPxVA 0.1 weight 
% but not a nitrogen source (NH 4 CI), and further shaken-cultured at 30°C at 1 25 strokes/min. After 30 hours, the cells 
were collected by centrifugation, washed once with cold methanol and lyophilized. 

[0278] PHA was extracted with the same procedures as described in Example 8, and each analysis was performed. 
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The yields are shown in Table 12 and the molecular weight is shown in Table 13. The results of GC-MS analysis 
revealed that the PHA obtained by this method had the following composition: 

3-hydroxybutyric acid: 8.1% 
5 3-hydroxyhexanoic acid: 51 .2% 

3-hydroxyoctanoic acid: 1 .3% 

3-hydroxydecanoic acid: 7.0% 

3-hydoxydodecanoic acid: 10.6% 

unidentified substances: 9.9% 
w 3 hydroxy-4-(4-f luorophenoxy)valeric acid: 1 1 .9% 

[0279] The above results indicated that the polymer obtained was PHA containing the units of 3-hydroxy-4-(4-fluor- 
ophenoxy)valeric acid. 

15 [Example 13] 

(Synthesis of TFMPVA) 

[0280] The substrate TFMPVA was first synthesized by the Grignard reaction according to the method described in 
20 "Macromolecules, 29, 1762-1766 (1996) and 27, 45-49 (1994)." 5-bromovaleric acid was dissolved in anhydrous tet- 
rahydrofuran (THF) and 3 mol/L of a methyl magnesium chloride THF solution was added dropwise at - 20°C in an 
argon atmosphere. After stirring for about 15 min, a THF solution of 1-bromo-4-trifluorobenzene and magnesium was 
further dropped and a THF solution of 0.1 mol/L Li 2 CuCI 2 was added (temperature was maintained at -20°C). The 
reaction solution was restored to room temperature and further stirred overnight. Then the solution was poured into a 
25 20% sulfuric acid solution cooled on ice, and stirred. The aqueous layer was recovered, saturated with salt, and ex- 
tracted with ether. After the extract was further extracted with 100 mbof deionized water, to which 50 g of potassium 
hydroxide was added, the extract was acidified with a 20% sulfuric acid solution and the precipitate was recovered. 
[0281] The compound recovered was methylesterified by the conventional method and analyzed with a gas chro- 
matograph-mass spectrometer (GC-MS, Shimadzu GC-MS QP-5050, column: DB-WAXETR (30 m x 0.32 mm x 0.5 
30 pm) (manufactured by J&W Inc.) The TIC (total ion chromatogram) and mass spectrum are shown in FIGS. 11 A and 
1 1 B. These results revealed that the target TFMPVA was synthesized. 

[Example 14] 

35 (Production of polymer by strain H45) 

[0282] Cells of strain H45 were inoculated in 200 mL of M9 medium containing nonanoic acid 0.1% and TFMPVA 
0.1%, and shaken-cultured at 30°C at 125 strokes/min. After 24 hours, the cells were collected by centrifugation, 
resuspended in 200 mL of M9 medium containing TFMPVA 0.2% but not a nitrogen source (NH 4 CI), and further shaken- 
40 cultured at 30°C at 125 strokes/min. After 24 hours, the cells were collected by centrifugation, washed once with cold 
methanol, lyophilized and weighed. 

[0283] The lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 20 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 \im in pore size, the filtrate was concentrated with a rotary 
evaporator and the concentrate was reprecipitated in cold methanol. Only the precipitate was then recovered and 
45 vacuum-dried to obtain and weigh PHA. The yields are shown in Table 14. 

[0284] Evaluation of the molecular weight of the PHA by gel permeation chromatography (GPC: Toso HLC-8020, 
column: Polymer Laboratory PLgel MIXED-C (5 u,m), solvent: chloroform, converted on a polystyrene basis) revealed 
Mn=64,000 and Mw=110,000. 

[0285] After the PHA obtained was subjected to methanolysis according to the conventional method, it was analyzed 
50 by gas chromatography-spectrometry (GC-MS, Shimadzu QP-5050, El method, column: DB-WAXETR (30 m x 0.32 
mm x 0.5 urn)) and the methyl esters of the PHA monomer unit were identified. The TIC (total ion chromatogram) and 
the mass spectrum of a peak (close to 36.5') representing the target unit 3-hydroxy-5-(4-trifluoromethylphenyl)valeric 
acid are shown in FIGS. 12A and 12B, respectively. The TIC area ratio of each unit of the PHA is shown in Table 15. 
[0286] The above results indicated that one method of the present invention produced PHA containing 3-hydroxy- 
55 5-(4-trifluoromethylphenyl)valeric acid as a monomer unit. 
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[Example 15] 

(Production of polymer by strain P91) 

5 [0287] Cells of strain P91 were inoculated in 200 mL of M9 medium containing nonanoic acid 0.1% and TFMPVA 
0.1%, and shaken-cultured at 30°C at 125 strokes/min. After 30 hours, the cells were collected by centrifugation, 
resuspended in 200 mL of M9 medium containing TFMPVA 0.1% and nonanoic acid 0.05% but not a nitrogen source 
(NH 4 CI) ; and further shaken-cultured at 30°C at 1 25 strokes/min. After 30 hours, the cells were collected by centrifu- 
gation, washed once with cold methanol, lyophilized and weighed. 

10 [0288] The lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 20 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 jim in pore size, the filtrate was concentrated with a rotary 
evaporator and the concentrate reprecipitated in cold methanol. Only the precipitate was then recovered and vacuum- 
dried to obtain and weigh PHA. 
The yield is shown in Table 16. 

is [0289] Evaluation of the molecular weight of the PHA by gel permeation chromatography (GPC; Toso HLC-8020, 
column: Polymer Laboratory PLgel MIXED-C (5 urn), solvent: chloroform, converted on a polystyrene basis) revealed 
Mn=69,000 and Mw=1 20,000. 

[0290] After the PHA obtained was subjected to methanolysis according to the conventional method, it was analyzed 
with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method, column: DB-WAXETR (30 m 
20 x 0.32 mm x 0.5 urn)) and the methyl esters of the PHA monomer unit were identified. The TIC (total ionchromatogram) 
and the mass spectrum of a peak (close to 36.5 1 ) representing the target unit 3-hydroxy-5-(4-trifluoromethylphenyl) 
valeric acid are shown in FIGS. 13A and 13B, respectively. The TIC area ratio of each unit of the PHA is shown in 
Table 17. 

[0291] The above results indicated that one method of the present invention produced PHA containing 3-hydroxy- 
25 5-(4-trifluoromethylphenyl)valeric acid as a monomer unit. 

[Example 16] 

[0292] Cells of strain YN2 were inoculated in 200 mL of M9 medium containing D-glucose 0.5% or n-nonanoic acid 
30 0.1% and PVA 0.1%, and shaken -cultured at 30°C at 125 strokes/min. After 40 hours, the cells were collected by 
centrifugation, washed once with cold methanol and lyophilized to obtain a lyophilized pellet. 

[0293] The lyophilized pellet was suspended in 20 mL of chloroform and stirred at 60°C for 28 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 urn in pore size, the filtrate was concentrated with a rotary 
evaporator and the concentrate was resuspended in cold methanol. Only the precipitate was then recovered and vac- 
35 uum-dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional method, 
it was analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and the methyl 
esters of the PHA monomer unit were identified. As a result, PHA containing 3HPV being the desired PVA-derived 
monomer unit at a higher ratio was obtained in high yield by using D-g!ucose as a carbon source for growth as shown 
in Table 18. 

40 

[Example 17] 

[0294] Cells of strain YN2 were inoculated in 200 mL of M9 medium containing D-glucose 0.5% or n-nonanoic acid 
0.1% and PVA 0.1%, and shaken -cultured at 30°C at 125 strokes/min. After 48 hours, the cells were collected by 
45 centrifugation, resuspended in 200 mL of M9 medium containing D-glucose 0.5% or n-nonanoic acid 0.1% and PVA 
0.1% but not a nitrogen source (NH 4 CI), and further shaken-cultured at 30°C at 125 strokes/min. After 40 hours, the 
cells were collected by centrifugation, washed once with cold methanol and lyophilized. 

[0295] The lyophilized pellet was suspended in 20 mL of chloroform, stirred at 60°C for 24 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 u.m in pore size, the filtrate was concentrated with a rotary 

so evaporator and the concentrate was reprecipitated in cold methanol. Only the precipitate was then recovered and 
vacuum-dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional 
method, it was analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and 
the methyl esters of the PHA monomer unit were identified. As a result, PHA containing 3HPV being the desired PVA- 
derived monomer unit at a higher ratio was obtained in a high yield by using D-glucose as a carbon source for growth, 

55 as shown in Table 1 9. 
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[Example 18] 

[0296] Cells of strain YN2 were inoculated in 200 mL of M9 medium containing D-mannose 0.5% or D-fructose 0.5% 
and PVA 0.1%, and cultured with shaking at 30°C at 125 strokes/min. After 100 hours in the D-mannose system and 
5 40 hours in the D-fructose system, the cells were collected by centrifugation, resuspended in 200 mL of M9 medium 
containing D-mannose 0.5% or D-fructose 0.5% and PVA 0.1% but not a nitrogen source (NH 4 CI), and further shaken- 
cultured at 30°C at 125 strokes/min. After 48 hours, the cells were collected by centrifugation, washed once with cold 
methanol and lyophilized. 

[0297] The lyophilized pellet was suspended in 20 mL of chloroform and stirred at 60°C for 24 hours to extract PHA. 

10 After the extract was filtered with a membrane filter of 0.45 ^m in pore size, the filtrate was concentrated with a rotary 
evaporator and the concentrate was reprecipitated in cold methanol. The precipitate was then recovered and vacuum- 
dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional method, it 
was analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and the methyl 
esters of the PHA monomer unit were identified. As a result., as shown in Table 20, D-mannose and D-fructose were 

15 also as effective as D-g!ucose as the carbon source to obtain PHA having a high proportion of 3HPV being the desired 
PVA-derived monomer unit at a high PHA yield. 

[Example 19] 

20 [0298] Cells of strain P161 were inoculated in 200 mL of M9 medium containing D-glucose 0.5% or n-nonanoic acid 
0.1% and PVA 0.1%, and cultured with shaking at 30°C at 125 strokes/min. After 48 hours, the cells were collected by 
centrifugation, resuspended in 200 mL of M9 medium containing D-glucose 0.5% or n-nonanoic acid 0.1% and PVA 
0.1% but not a nitrogen source (NH 4 CI), and further cultured at 30°C at 125 strokes/min. After 40 hours, the cells were 
collected by centrifugation, washed once with cold methanol and lyophilized. 

25 [0299] The lyophilized pellet was suspended in 20 mL of chloroform and stirred at 60°C for 24 hours to extract PHA. 
After the extract was filtered with a membrane filter of 0.45 jim in pore size, the filtrate was concentrated with a rotary 
evaporator and the concentrate was reprecipitated in cold methanol. Only the precipitate was then recovered and 
vacuum-dried to obtain PHA. After the PHA obtained was subjected to methanolysis according to the conventional 
method, it was analyzed with a gas chromatograph-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) and 

30 the methyl esters of the PHA monomer unit were identified. As a result, PHA having a higher proportion of 3HPV as 
the desired PVA-derived monomer unit was obtained in high yield by using D-glucose as a carbon source, as shown 
in Table 21 . 

[Example 20] 

35 

[0300] The cells of strain YN2 were shake -cultured in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1 % 
of n-nonanoic acid and 0.1% of FPVA under the conditions of 30°C and 125 strokes/min for 48 hours. The cells were 
recovered by centrifugal separation, and resuspended in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1 % 
of n-nonanoic acid and 0.1% of FPVA but no nitrogen source (NH 4 CI), where they were further shake-cultured under 
40 the conditions of 30 Q C and 125 strokes/min for 40 hours. The cells were recovered by centrifugal separation, washed 
once with cold methanol, and lyophilized. 

[0301] The lyophilized pellet was suspended in 20 mL of chloroform, and stirred at 60°C for 24 hours, to extract the 
PHA. The extract solution was filtered through a membrane having a pore size of 0.45 jim and concentrated by a rotary 
evaporator. The concentrated solution was reprecipitated in cold methanol, and the precipitate only was recovered and 
45 dried under a vacuum, to obtain the PHA. The PHA thus prepared was subjected to methanolysis by the normal pro- 
cedure, and analyzed by a gas chromatograph/mass spectrometer (GC-MS, Shimadzu QP-5050, based on the El 
method), to identify the methyl-esterified product of the PHA monomer units. The results are given in Table 22. As 
shown, culturing with D-glucose as the carbon source for growth gives the PHA having a higher proportion of 3-hydroxy- 
5-(4-fluorophenyl)valeric acid as the desired FPVA-derived monomer unit in higher yield. 

50 

[Example 21] 

[0302] Cells of strain P161 was shake-cultured in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1% of 
n-nonanoic acid and 0.1% of PHxA under the conditions of 30°C and 125 strokes/min for 48 hours. The cells were 
55 recovered by centrifugation, and resuspended in 200 mL of M9 medium : containing 0.5% of D-glucose or 0.1% of n- 
nonanoic acid and 0.1% of PHxA but no nitrogen source (NH 4 CI), where they were further shake-cultured under the 
conditions of 30°C and 125 strokes/min for 40 hours. The cells were recovered by centrifugation, washed once with 
cold methanol, and lyophilized. 
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[0303] The lyophilized pellet was suspended in 20 mL of chloroform, and stirred at 60°C for 24 hours, to extract the 
PHA. The extract solution was filtered through a membrane having a pore size of 0.45 u,m and concentrated by a rotary 
evaporator. The concentrated solution was reprecipitated in cold methanol, and the precipitate only was recovered and 
dried under a vacuum, to obtain the PHA. The PHA thus prepared was subjected to methanolysis by the normal pro- 
cedure, and analyzed by a gas chromatograph/mass spectrometer (GC-MS, Shimadzu QP-5050, based on the El 
method), to identify the methyl-esterified product of the PHA monomer units. The results are given in Table 23. As 
shown, culturing with D-glucose as the carbon source for growth gives the PHA having a higher proportion of 3-hydroxy- 
6-phenylhexanoic acid as the desired PHxA-derived monomer unit in higher yield. 

[Example 22] 

[0304] Cells of strain YN2 were shake-cultured in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1% of 
n-nonanoic acid and 0.1% of PxBA under the conditions of 30°C and 125 strokes/min for 48 hours. The cells were 
recovered by centrifugation, and resuspended in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1% of n- 
nonanoic acid and 0.1% of PxBA but no nitrogen source (NH 4 CI), where they were further shake-cultured under the 
conditions of 30°C and 125 strokes/min for 40 hours. The cells were recovered by centrifugation, washed once with 
cold methanol, and lyophilized. 

[0305] The lyophilized pellet was suspended in 20 mL of chloroform, and stirred at 60°C tor 24 hours, to extract the 
PHA. The extract solution was filtered through a membrane having a pore size of 0.45 ujti and concentrated by a rotary 
evaporator. The concentrated solution was reprecipitated in cold methanol, and the precipitate only was recovered and 
dried under a vacuum, to obtain the PHA. The PHA thus prepared was subjected to methanolysis by the normal pro- 
cedure, and analyzed by.a gas chromatograph/mass spectrometer (GC-MS, Shimadzu QP-5050, based on the El 
method), to identify the methyl-esterified product of the PHA monomer units. The results are given in Table 24. As 
shown, culturing with D-glucose as the carbon source for growth gives the PHA having a higher proportion of 3-hydroxy- 
4-phenoxybutyric acid as the desired PxBA-derived monomer unit in higher yield. 

[Example 23] 

[0306] Cells of strain H45 was shake-cultured in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1% of n- 
nonanoic acid and 0.1% of PxBA under the conditions of 30°C and 125 strokes/min for 48 hours. The cells were 
recovered by centrifugation, and resuspended in 200 mL of M9 medium containing 0.5% of D-glucose or 0.1% of n- 
nonanoic acid and 0.1% of PxBA but no nitrogen source (NH 4 CI), where they were further shake-cultured under the 
conditions of 30°C and 125 strokes/min for 40 hours. The cells were recovered by centrifugation, washed once with 
cold methanol, and lyophilized. 

[0307] The lyophilized pellet was suspended in 20 mL of chloroform, and stirred at 60°C for 24 hours, to extract the 
PHA. The extract solution was filtered through a membrane having a pore size of 0.45 |im and concentrated by a rotary 
evaporator. The concentrated solution was reprecipitated in cold methanol, and the precipitate only was recovered and 
dried under a vacuum, to obtain the PHA. The PHA thus prepared was subjected to methanolysis by the normal pro- 
cedure, and analyzed by a gas chromatograph/mass spectrometer (GC-MS, Shimadzu QP-5050, based on the El 
method), to identify the methyl-esterified product of the PHA monomer units. The results are given in Table 25. As 
shown, culturing with D-glucose as the carbon source for growth gives the PHA having a higher proportion of 3-hydroxy- 
4-phenoxybutyric acid as the desired PxBA-derived monomer unit in higher yield. 

[Example 24] 

[0308] Cells of strain P1 61 were shake-cultured in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1% of 
n-nonanoic acid and 0.1% of PxBA under the conditions of 30°C and 125 strokes/min for 48 hours. The cells were 
recovered by centrifugation, and resuspended in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1% of n- 
nonanoic acid and 0.1% of PxBA but no nitrogen source (NH 4 CI), where they were further shake-cultured under the 
conditions of 30°C and 125 strokes/min for 40 hours. The cells were recovered by centrifugation, washed once with 
cold methanol, and lyophilized. 

[0309] The lyophilized pellet was suspended in 20 mL of chloroform, and stirred at 60°C for 24 hours, to extract the 
PHA. The extract solution was filtered through a membrane having a pore size of 0.45 \xm and concentrated by a rotary 
evaporator. The concentrated solution was reprecipitated in cold methanol, and the precipitate only was recovered and 
dried under a vacuum, to obtain the PHA. The PHA thus prepared was subjected to methanolysis by the normal pro- 
cedure, and analyzed by a gas chromatograph/mass spectrometer (GC-MS, Shimadzu QP-5050, based on the El 
method), to identify the methyl-esterified product of the PHA monomer units. The results are given in Table 26. As 
shown, culturing with D-glucose as the carbon source for growth gives the PHA having a higher proportion of 3-hydroxy- 
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4-phenoxybutyric acid as the desired PxBA-derived monomer unit in higher yield. - 
[Example 25] 

5 [0310] Cells of strain YN2 were shake-cultured in 200 mL of M9 medium, containing 0.5% of D-glucose or 0.1% of 
n-nonanoic acid and 0.1% of CHBA under the conditions of 30°C and 125 strokes/min for 40 hours. The cells were 
recovered by centrifugation, washed once with cold methanol, and lyophilized. 

[0311] The lyophilized pellet was suspended in 20 mL of chloroform, and stirred at 60°C for 28 hours, to extract the 
PHA. The extract solution was filtered through a membrane having a pore size of 0.45 ujti and concentrated by a rotary 

10 evaporator. The concentrated solution was reprecipitated in cold methanol, and the precipitate only was recovered and 
dried under a vacuum, to obtain the PHA. The PHA thus prepared was subjected to methanolysis by the normal pro- 
cedure, and analyzed by a gas chromatograph/mass spectrometer (GC-MS, Shimadzu QP-5050, based on the El 
method), to identify the methyl-esterified product of the PHA monomer units. The results are given in Table 27. As 
shown, culturing with D-glucose as the carbon source for growth gives the PHA having a higher proportion of 3HCHB 

is as the desired CHBA-derived monomer unit in higher yield. 

[Example 26] 

(Production of poly-3-hydroxy-5-phenylvaleric acid by strain YN2) 

20 

[0312] A colony of strain YN2 on M9 agar medium containing 0.1% of nonanoic acid (hereinafter referred as to NA) 
was inoculated in a total of 4 types of media (each 200 mL), (1) M9 liquid medium containing 0.5% of a yeast extract 
(DIFCO, hereinafter referred to as YE) and 0.1% of 5-phenylvaieric acid, (2) M9 liquid medium containing 0.5% of a 
beef extract (DIFCO, hereinafter referred to as BE) and 0.1% of 5-phenylvaleric acid, (3) M9 liquid medium containing 
25 o.5% of Casamino acid (DIFCO : hereinafter referred to as CA) and 0.1% of 5-phenylvaleric acid, and (4) M9 liquid 
medium containing 0.5% of polypeptone (Wako Jun-yaku, hereinafter referred to as PP) and 0.1% of 5-phenylvaleric 
acid, and cultured at 30°C for 24 hours. The cells were recovered from each medium by centrifugation, washed once 
with cold methanol, and lyophilized. 

[0313] The lyophilized pellets from each medium were weighed and suspended in 100 mL of chloroform, and stirred 
30 at 55°C for 20 hours, to extract the PHA. Each extract solution was filtered through a membrane having a pore size of 
0.45 urn and concentrated by a evaporator. The concentrated solution was reprecipitated in cold methanol, to obtain 
the polymer, which was dried under a vacuum at room temperature and weighed. The yield results are given in Table 28. 
[0314] The PHA composition thus prepared was analyzed by the following procedure. Approximately 10 mg of the 
PHA was dissolved in 2 mL of chloroform in a 25 mL egg-plant type flask, to which 2 mL of a methanol solution containing 
35 3% sulfuric acid was added. The mixture was heated at 1 00°C with reflux for 3.5 hours for the reactions. On completion 
of the reactions, the effluent was incorporated with 1 0 mL of deionized water and vigorously shaken for 1 0 min. It was 
separated into two layers, and the lower chloroform layer was taken out, dehydrated with magnesium sulfate, and 
analyzed by a gas chromatograph/mass spectrometer (GC-MS, Shimadzu QP-5050, based on the El method, with a 
0.32 mm by 30 m column (J&W, DB-WAX)), to identify the methyl-esterified product of the PHA monomer units. The 
40 PHA monomer units were found to comprise 96% of 3-hydroxy-5-phenylvaleric acid unit and 4% of 3-hydroxybutyric 
acid unit. 

[0315] The results indicate that one of the embodiments of the present invention gives the PHA containing a very 
high proportion of the 3-hydroxy-5-phenylvaleric acid unit in a high yield. 

45 [Example 27] 

(Production of poly-3-hydroxy-4-cyclohexylbutyric acid by strain YN2) 

[0316] . A colony of strain YN2 grown on M9 agar medium containing 0.1% of NA was inoculated into 2 types of media 
50 (each 200 mL), (1) M9 liquid medium containing 0.5% of YE and 0.1% of 4-cyclohexylbutyric acid, and (2) M9 liquid 
medium containing 0.5% of PP and 0.1% of 4-cyclohexylbutyric acid, and cultured at 30°C for 24 hours. The ceils were 
recovered from each medium by centrifugation, washed once with cold methanol, and lyophilized. 
[0317] The lyophilized pellets from each medium were weighed and suspended in 100 mL of chloroform, and stirred 
at 55°C for 20 hours, to extract the PHA. Each extract solution was filtered through a membrane having a pore size of 
55 o.45 u.m and concentrated by a evaporator. The concentrated solution was reprecipitated in cold methanol, to obtain 
the polymer, which was dried under a vacuum at room temperature and weighed. The yield results are given in Table 29 . 
[0318] The PHA composition thus prepared was analyzed in a manner similar to that for EXAMPLE 26. The PHA 
monomer units were found to comprise 97% of 3-hydroxy-4-cyciohexylbutyric acid unit and 3% of 3-hydroxybutyric 
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acid unit. 

[0319] The results indicate that one of the embodiments of the present invention gives the PHA containing a very 
high proportion of the 3-hydroxy-4-cyclohexylbutyric acid unit in a high yield. 

5 [Example 28] 

(Production of poly-3-hydroxy-5-phenoxyvaleric acid by strain YN2) 

[0320] A colony of strain YN2 grown on M9 agar medium containing 0.1% of NA was inoculated in 2 types of media 
10 (each 200 mL), (1) M9 liquid medium containing 0.5% of YE and 0.1% of 5-phenoxyvaleric acid, and (2) M9 liquid 
medium containing 0.5% of PP and 0.1% of 5-phenoxyvaleric acid, and cultured at 30°C for 26 hours. The cells were 
recovered from each medium by centrifugation, washed once with cold methanol, and lyophilized. 
[0321] The lyophilized pellets from each medium were weighed and suspended in 1 00 mL of chloroform, and stirred 
at 55°C for 20 hours, to extract the PHA. Each extract solution was filtered through a membrane having a pore size of 
15 0.45 pm and concentrated by a evaporator. The concentrated solution was reprecipitated in cold methanol, to obtain 
the polymer, which was dried under a vacuum at room temperature and weighed. The yield results are given in Table 30. 
[0322] The PHA composition thus prepared was analyzed in a manner similar to that iri EXAMPLE 26. The PHA 
monomer units were found to comprise 95% of 3-hydroxy-5-phenoxyvaleric acid unit and 5% of 3-hydroxybutyric acid 
unit. 

20 [0323] The results indicate that one of the embodiments of the present invention gives the PHA containing a very 
high proportion of the 3-hydroxy-5-phenoxyvaleric acid unit in a high yield. 

[Example 29] 

25 (Production of poly-3-hydroxy-5-phenylvaleric acid by strain H45) 

[0324] A colony of strain H45 grown on M9 agar medium containing 0.1% of NA was inoculated in 4 types of media 
(each 200 mL), (1) M9 liquid medium containing 0.5% of YE and 0.1% of 5-phenylvaleric acid, (2) M9 liquid medium 
containing 0.5% of sodium glutamate (Kishida Kagaku , hereinafter referred to as SG) and 0.1 % of 5-phenylvaleric acid, 
30 (3) M9 liquid medium containing 0.5% of CA and 0.1% of 5-phenylvaleric acid, and (4) M9 liquid medium containing 
0.5% of PP and 0.1% of 5-phenylvaleric acid, and cultured at 30°C for 28 hours. The cells were recovered from each 
medium by centrifugation, washed once with cold methanol, and lyophilized. 

[0325] The lyophilized pellets from each medium were weighed and suspended in 100 mL of chloroform, and stirred 
at 55°C for 20 hours, to extract the PHA. Each extract solution was filtered through a membrane having a pore size of 
35 0.45 pm and concentrated by a evaporator. The concentrated solution was reprecipitated in cold methanol, to obtain 
the polymer, which was dried under a vacuum at room temperature and weighed. The yield results are given in Table 31 . 
[0326] The PHA composition thus prepared was analyzed in a manner similar to that in EXAMPLE 26. The PHA was 
found to be essentially the homopolymer of 3-hydroxy-5-phenylvaleric acid. 

[0327] The results indicate that one of the embodiments of the present invention gives the PHA containing a very 
40 high proportion of the 3-hydroxy-5-phenylvaleric acid unit in a high yield. 

[Example 30] 

(Production of poly-3-hydroxy-5-phenylvaleric acid by strain P161) 

45 

[0328] A colony of strain P1 61 grown on M9 agar medium containing 0.1 % of NA was inoculated in 4 types of media 
(each 200 mL), (1) M9 liquid medium containing 0.5% of YE and 0.1% of 5-phenylvaleric acid, (2) M9 liquid medium 
containing 0.5% of SG and 0.1% of 5-phenylvaleric acid, (3) M9 liquid medium containing 0.5% of BE and 0.1% of 
5-phenylvaleric acid, and (4) M9 liquid medium containing 0.5% of PP and 0.1% of 5-phenylvaleric acid, and cultured 
so at 30°C for 24 hours. The cells were recovered from each medium by centrifugation, washed once with cold methanol, 
and lyophilized. 

[0329] The lyophilized pellets from each medium were weighed and suspended in 1 00 mL of chloroform, and stirred 
at 55°C for 20 hours, to extract the PHA. Each extract solution was filtered through a membrane having a pore size of 
0.45 jim and concentrated by a evaporator. The concentrated solution was reprecipitated in cold methanol, to obtain 
55 the polymer, which was dried under a vacuum at room temperature and weighed. The yield results are given in Table 32. 
[0330] The PHA composition thus prepared was analyzed in a manner similar to that in EXAMPLE 26. The PHA 
monomer units were found to comprise 97% of 3-hydroxy-5-phenyrvaleric acid unit and 3% of 3-hydroxybutyric acid unit. 
[0331] The results indicate that one of the embodiments of the present invention gives the PHA containing a very 
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high proportion of the 3-hydroxy-5-phenyivaleric acid unit in a high yield. 
[Example 31] 

5 [0332] Pseudomonas cichorii strain YN2 was shake-cultured in 1 0 mL of M9 medium containing 0.5% of D-glucose 
under the conditions of 30°C and 125 strokes/min for 72 hours, and 2 mL of the culture was transferred for further 
shake-culture in 200 mL of M9 medium containing 0.5% of D-glucose and 0.1% of N0 2 PxBA under the conditions of 
30°C and 125 strokes/min for another 72 hours. The cells were recovered by centrifugation, and resuspended in 200 
mL of M9 medium, containing 0.5% of D-glucose and 0.1% of N0 2 PxBA but no nitrogen source (NH 4 Ci), where they 

10 were further shake-cultured under the conditions of 30°C and 1 25 strokes/min for 48 hours. The cells were recovered 
by centrifugation, washed once with cold methanol, and lyophilized. 

[0333] The lyophilized pellets were suspended in 20 mL of chloroform, and stirred at 60°C for 20 hours, to extract 
the PHA. The extract solution was filtered through a membrane having a pore size of 0.45 ujti and concentrated by a 
rotary evaporator. The concentrated solution was reprecipitated in cold methanol, and the precipitate only was recov- 
15 ered and dried under a vacuum, to obtain the PHA. 

[0334] The PHA thus prepared was analyzed by NMR under the following conditions: 
<Analyzer> 

FT-NMR: Bruker DPX400 

Resonance frequency: 1 H=400 MHz 
20 <Analysis conditions> 

Nuclide to be analyzed: 1 H 

Solvent: CDCI 3 

Reference: TMS/CDCI 3 sealed in a capillary 

Temperature: room temperature 
25 [0335] FIG. 14 shows the 1 H-NMR spectral patterns, Table 33 the results of identification of the patterns, and Table 
34 the composition of the monomer units of 3-hydroxy-4-(4-nitrophenoxy)butyric acid. As shown in Table 33, the PHA 
is the one represented by the chemical formula (45), containing 3-hydroxy-4-(4-nitrophenoxy)butyric acid as the mon- 
omer unit. 
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[0336] The PHA thus prepared was subjected to methanolysis by the normal procedure, and analyzed by a gas 
so chromatograph/mass spectrometer (GC-MS : Shimadzu QP-5050, based on the El method), to identify the methyl- 
esterified product of the PHA monomer units, other than 3-hydroxy-4-(4-nitrophenoxy)butyric acid. The results are 
given in Table 34. 

[0337] The PHA had a number-average molecular weight (Mn) of 81 ,900 and weight-average molecular weight (Mw) 
of 226,200, as determined by a gel permeation chromatograph (GPC; Toso HLC-8020, column: Polymer Laboratory's 
55 PLgel MIXED-C(5 |xm), solvent: chloroform, as polystyrene). 
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[Example 32] 

[0338] Cells of Pseudomonas cichorii strain YN2 were Inoculated into 200 mL of M9 culture medium containing 0.5% 
D-glucose and 0.1% N0 2 PxBA, and shake cultured at 30°C at 125 stroke/min. After 45 hours, the cells were recovered 
5 by centrifugation and re-suspended into 200 mL of M9 culture medium containing 0.5% D-giucose t 0.1% N0 2 PxBA 
and nitrogen (NH 4 C!)-free, and further shake cultured at 30°C at 125 stroke/min. After 48 hours, the cells were recov- 
ered by centrifugation, washed once with cold methanol and lyophilized. 

[0339] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 urn, they were concentrated 
w by a rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates 
alone were recovered and vacuum dried to provide PHA. 

[0340] The resulting PHA was determined by NMR analysis under the condition shown in the Example 31. As a 
result, it was confirmed that the PHA was the PHA containing 3-hydroxy-4-(4-nitorophenoxy)butyric acid as a monomer 
unit, as shown in Table 35. 

is [0341] Further, the resulting PHA was done methanolysis according to conventional method, and then analyzed by 
gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified mate- 
rials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-nitrophenoxy)butyric acid. The result 
was shown in the Table 35. 

20 [Example 33] 

[0342] Cells of Pseudomonas cichorii strain YN2 were inoculated into 200 mL of M9 culture medium containing 0.5% 
Polypeptone and 0.1% N0 2 PxBA, and shake cultured at 30°C at 125 stroke/min. After 21 hours, the cells were recov- 
ered by centrifugation and re-suspended into 200 mL of M9 culture medium containing 0.5% sodium pyruvate, 0.1% 

25 N0 2 PxBA and nitrogen (NH 4 CI)-free, and further shake cultured at 30°C at 1 25 stroke/min. 

After 24 hours, the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 
[0343] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 u.m, they were concentrated 
by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 

30 were recovered and vacuum dried to provide PHA. 

[0344] The resulting PHA was determined by NMR analysis under the condition shown in the Example 31 As a 
result, it was conf irmed that the PHA was the PHA containing 3-hydroxy-4-(4-nitorophenoxy)butyric acid as a monomer 
unit, as shown in Table 36. 

[0345] Further, the resulting PHA was done methanolysis according to the conventional method, and then analyzed 
35 by gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified ma- 
terials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-nitrophenoxy) butyric acid. The result 
was shown in the Table 36. 

[Example 34] 

40 

[0346] First, cells of Pseudomonas cichorii strain YN2 were inoculated into 10 mL of M9 culture medium containing 
0.5% D-glucose and shake-cultured at 30°C at 125 stroke/min, and then 2 mL of the culture was added into 200 mL 
of M9 culture medium containing 0.5% D-glucose and 0.1% CNPxBA, and shake cultured at 30°C at 125 stroke/min. 
48 hours later, the cells were recovered by centrifugation and re-suspended into 200 mL of M9 culture medium con- 

45 taining 0.5% D-glucose, 0.1% CNPxBA and nitrogen (NH 4 CI)-free, and further shake cultured at 30°C at 125 stroke/ 
min. 47 hours later, the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 
[0347] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 u^m, they were concentrated 
by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 

so were recovered and vacuum dried to provide PHA. 

[0348] The resulting PHA was determined by NMR analysis on the following conditions. 

<Measuring apparatus> 

55 [0349] FT-NMR: Bruker DPX 400 

Resonance frequency: 1 H=400 MHz 
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<Measuring condition> 

[0350] Measuring nuclide: 1 H 
Measuring solvent: CDCI 3 
5 Reference: capillary inclusion TMS/CDCI 3 

Measuring temperature: room temperature 
[0351] FIG. 15 illustrates 1 H-NMR spectra, Table 37 shows their corresponding results : and Table 38 shows the ratio 
of 3-hydroxy-4-(4-cyanophenoxy)butyric acid monomer unit contained in PHA. As shown in the Table 37, it was con- 
firmed that the PHA was the PHA expressed by the chemical formula (46) containing 3-hydroxy-4-(4-cyanophenoxy) 
10 butyric acid as a monomer unit. 
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[0352] Further, the resulting PHA was done methanolysis according to the conventional method, and then analyzed 
by gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified ma- 
terials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-cyanophenoxy)butyric acid. The 
result was shown in the Table 38. 

[0353] Moreover, the molecular weight of the PHA was evaluated by gel permeation chromatography (GPC; Toso 
HLC-8020, column; Polymer Laboratory PL gel M1XED-C (5 ^m), solvent; (chloroform, polystyrene reduced) to obtain 
Mn=58200 and Mw=1 081 00. 
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[Example 35] 

[0354] First, cells of Pseudomonas cichorii strain H45 were inoculated into 1 0 mL of M9 culture medium containing 
0.5% D-glucose and shake-cultured at 30°C at 125 stroke/min, and then 2 mL of the culture were added into 200 mL 
of M9 culture medium containing 0.5% D-glucose and 0.1% CNPxBA, and shake cultured at 30°C at 125 stroke/min. 
48 hours later, the celts were recovered by centrifugation and re-suspended into 200 mL of M9 culture medium con- 
taining 0.5% D-glucose, 0.1% CNPxBA and nitrogen (NH 4 CI)-free, and further shake cultured at 30°C at 125 stroke/ 
min. 47 hours later, the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 
[0355] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 pm, they were concentrated 
by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 
were recovered and vacuum dried to provide PHA. 

[0356] The resulting PHA was determined by NMR analysis under the condition shown in the Example 34. As a 
result, it was confirmed that the PHA was the PHA containing 3-hydroxy-4-(4-cyanophenoxy)butyric acid as a monomer 
unit, as shown in Table 39. 

[0357] Further, the resulting PHA was done methanolysis according to the conventional method, and then analyzed 
by gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified ma- 
terials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-cyanophenoxy)butyric acid. The 
result was shown in the Table 39. 
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[Example 36] 

[0358] Cells of Pseudomonas cichorii strain YN2 were inoculated into 200 ml_ of M9 culture medium containing 0.5% 
D-glucose and 0.1% CNPxBA, and shake cultured at 30°C at 125 stroke/mm. After 48 hours, the cells were recovered 
5 by centrifugation and re-suspended into 200 mL of M9 culture medium containing 0.5% D-glucose, 0.1% CNPxBA and 
nitrogen (NH 4 CI)-free, and further shake cultured at 30°C at 125 stroke/min. After 48 hours, the cells were recovered 
by centrifugation, washed once with cold methanol and lyophilized. 

[0359] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 urn, they were concentrated 
10 by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 
were recovered and vacuum dried to provide PHA. 

[0360] The resulting PHA was determined by NMR analysis under the condition shown in the Example 34. As a 
result, it was conf irmed that the PHA was the PHA contain ing 3-hydroxy-4-(4-cyanophenoxy)butyric acid as a monomer 
unit, as shown in Table 40. 

is [0361 ] Further, the resulting PHA was done methanolysis according to the conventional method, and then analyzed 
by gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified ma- 
terials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-cyanophenoxy)butyric acid. The 
result was shown in the Table 40. 

20 [Example 37] 

[0362] Cells of Pseudomonas cichorii strain H45 were inoculated into 200 mL of M9 culture medium containing 0.5% 
D-glucose and 0.1% CNPxBA, and shake cultured at 30°C at 125 stroke/min. After 48 hours, the cells were recovered 
by centrifugation and re-suspended into 200 mL of M9 culture medium containing 0.5% D-glucose, 0.1% CNPxBA and 
25 nitrogen (NH 4 CI)-free, and further shake cultured at 30°C at 1 25 stroke/min. After 48 hours, the cells were recovered 
by centrifugation, washed once with cold methanol and lyophilized. 

[0363] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 jam, they were concentrated 
by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 
30 were recovered and vacuum dried to provide PHA. 

[0364] The resulting PHA was determined by NMR analysis under the condition shown in the Example 34. As a 
result, it was confirmed that the PHA was the PHA containing 3-hydroxy-4-(4-cyanophenoxy)butyric acid as a monomer 
unit, as shown in Table 41 . 

[0365] Further, the resulting PHA was done methanolysis according to the conventional method, and then analyzed 
35 by gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified ma- 
terials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-cyanophenoxy)butyric acid. The 
result was shown in the Table 41 . 

[Example 38] 

40 

[0366] Cells of Pseudomonas Cichorii strain YN2 were inoculated into 200 mL of M9 culture medium containing 0.5% 
polypeptone and 0.1% CNPxBA and cultured at 30°C with shaking at 125 stroke/min. After 23 hours, the cells were 
recovered by centrifugation and re-suspended into 200 mL of M9 culture medium containing 0.5% sodium pyruvate, 
0.1% CNPxBA but no nitrogen source (NH 4 CI), and further cultured at 30°C at 125 stroke/min. After 24 hours, the cells 

45 were recovered by centrifugation, washed once with cold methanol and lyophilized. 

[0367] The lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 urn, they were concentrated 
by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 
were recovered and vacuum dried to provide PHA. 

50 [0368] The resulting PHA was determined by NMR analysis under the condition shown in the Example 34. As a 
result, it was confirmed that the PHA was the PHA containing 3-hydroxy-4-(4-cyanophenoxy)butyric acid as a monomer 
unit, as shown in Table 42. 

[0369] Further, the resulting PHA was done methanolysis according to the conventional method, and then analyzed 
by gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified ma- 
ss terials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-cyanophenoxy)butyric acid. The 
result was shown in the Table 42. 
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[Example 39) 

[0370] Cells of Pseudomonas cichorii strain H45 were inoculated into 200 mL of M9 culture medium containing 0.5% 
polypeptone and 0.1% CNPxBA, and cultured at 30°C with shaking at 125 stroke/min. After 23 hours, the cells were 
5 recovered by centrifugation and re-suspended into 200 mL of M9 culture medium containing 0.5% Sodium pyruvate, 
0.1% CNPxBA but no nitrogen source (NH 4 CI), and further shake cultured at 30°C at 125 stroke/min. After 24 hours, 
the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 

[0371] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
PHA. After the extracts were filtrated through a membrane filter with a pore size of 0.45 u.m, they were concentrated 
10 by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 
were recovered and vacuum dried to provide PHA. 

[0372] The resulting PHA was determined by NMR analysis under the condition shown in the Example 34. As a 
result, it was confirmed that the PHA was the PHA containing 3-hydroxy-4-(4-cyanophenoxy)butyric acid as a monomer 
unit, as shown in Table 43. 

is [0373] Further, the resulting PHA was done methanolysis according to the conventional method, and then analyzed 
by gas chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified ma- 
terials of PHA monomer unit and identify monomer unit other than 3-hydroxy-4-(4-cyanophenoxy)butyric acid. The 
result was shown in the Table 43. 

20 [Example 40] 

(Synthesis of 4-(4-fluorophenoxy)butyric acid) 

[0374] A new compound, 4-(4-fluorophenoxy)butyric acid was prepared by the synthetic method mentioned below. 

25 [0375] Into a round-bottom flask with four opening was put 240 mL of dehydrated acetone, added 15.2 g (0.11 mol) 
of potassium carbonate, and stirred under nitrogen atmosphere. Into this solution were added 9.0 g (0.06 mol) of sodium 
iodide and 7.9 g (0.07 mol) of 4-fluorophenol, and thoroughly stirred at room temperature under nitrogen atmosphere. 
11.7 g (0.06 mol) of 4-bromoethyl butyrate was then added, and heat refluxed at 65°C for 24 hours. 
[0376] After aforesaid reaction was completed, the solvent acetone was removed by rotating evaporator, and its 

30 residue was re-dissolved in chloroform. Water was added for phase separation, and the organic layer was collected. 
After the organic layer was dehydrated with anhydrous magnesium sulfate, chloroform was removed by rotating evap- 
orator. Then, it was dried by a vacuum pump to provide 14.0 g of crude 4-(4-fluorophenoxy)ethyl butyrate (gas chro- 
matograph-mass spectrometer: GC-MS Shimadzu QP-5050, GC-MS peak ratio purity: 65.2% with El method). Without 
purifying the resulting crude 4-(4-fluorophenoxy)ethyl butyrate, it was used in the following ester hydrolytic reaction. 

35 [0377] The resulting crude 4-(4-fluorophenoxy)ethyl butyrate was dissolved in 300 mL of ethanol-water (1 :9 (VA/)) 
mixed solution, and approximately ten-fold molar equivalent weight of potassium hydroxide was added to react for four 
hours under ice cooling (at 0 to 4°C). This cocktail was poured into 3 L of 0.1 mol/L hydrochloric acid to precipitate. 
Precipitates were filtrated, separated, and dried by vacuum pump to provide crude 4-(4-fluorophenoxy)butyric acid. 
[0378] The resulting crude 4-(4-fluorophenoxy)butyric acid (precipitate) was dissolved in a small amount of hot meth- 

40 anol, and gradually cooled to recrystailize. Filtrated recrystallization materials were dried by vacuum pump to provide 
objective compound, 4-(4-fluorophenoxy)butyric acid. In this series of processes, the resulting 4-(4-fluorophenoxy) 
butyric acid was 52.7% in yield based on the raw material 4-bromoethylbutyrate. 

[0379] In order to verify that the resulting compound was the objective 4-(4-f luorophenoxy)butyric acid, NMR analysis 
was carried out by the following measuring apparatus under measuring condition to identify the structure. 

45 

<Measuring apparatus> 

[0380] FT-NMR: Bruker DPX 400 

50 <Measuring condition> 

[0381] Resonance frequency: 1 H 400 MHz 
13 C 100MHz 
Measuring nuclide: 1 H, 13 C 
55 Used solvent : CDCI 3 

Reference: capillary inclusion TMS/CDCI 3 
Measuring temperature: room temperature 
[0382] Determined 1 H-NMR spectra chart and 13 C-NMR spectra chart were illustrated in FIG. 16 and 17, respectively. 
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Table 44 and 45 show analytical (corresponding) result of each signal for NMR spectra illustrated in the FIG. 16 and 
1 7. This analytical (corresponding) result confirmed that the resulting compound was the objective 4-(4-f luorophenoxy) 
butyric acid. 



s [Example 41 ] 

[0383] First, cells of Pseudomonas cichorii strain YN2 (FERM BP-7375) were inoculated into 10 mL of M9 culture 
medium containing 0.5% D-glucose, and shake cultured at 30°C at 125 stroke/min for 72 hours. Then 2 mL of the 
culture was added into 200 mL of M9 culture medium (no inorganic nitrogen source, NH 4 CI) containing 0.5% D-glucose 
10 and 0.1% pFPxBA, and continuously shake cultured at 125 stroke/min. After 45 hours, the cells were recovered by 
centrifugation and re-suspended into 200 mL of M9 culture medium containing 0.5% D-glucose and 0.1% pFPxBA, 
and further shake cultured at 30°C at 1 25 stroke/min. After 46 hours, the cells were recovered by centrifugation, washed 
once with cold methanol and lyophilized. 

[0384] This lyophilized pellet was suspended into 20 mL of chloroform, and stirred at 60°C for 20 hours to extract 
15 PHA. After the extracts were filtrated through a membranefilter with a pore size of 0.45 u,m, they were concentrated 
by rotating evaporator, and the concentrates were re-precipitated with cold methanol, and further the precipitates alone 
were recovered and vacuum dried to provide PHA. 

[0385] The resulting PHA was done methanolysis according to the conventional method, and then analyzed by gas 
chromatography-mass spectrometer (GC-MS, Shimadzu QP-5050, El method) to identify methylesterified materials 
20 of PHA monomer unit. FIG. 18 illustrates measured GC-MS spectra data, and the upper chart shows GC spectrum, 
and the lower chart shows an MS spectrum corresponding to the main peak on the GC spectrum. 
This result shows that the resulting PHA contains 3-hydroxy-4-(4-fluorophenoxy)butyric acid (3HpFPxB) as a main 
component of monomer unit, in addition it also contains a small amount of six kinds of monomer units, and can be 
represented by the following chemical formula (47). 
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(47) 

45 [0386] Furthermore, the molecular weight of the PHA was determined by gel permeation chromatography (GPC; 
Toso HLC-8020, column; Polymer laboratory PL gel-MIX ED-C-5 u,m, solvent; chloroform, polystyrene reduced molec- 
ular weight). 

[0387] Identification result, average molecular weight, as well as yield of lyophilized pellet and recovered polymer 
are shown in Table 46. It shows that the resulting PHA is the PHA containing 3-hydroxy-4-(4-fluorophenoxy)butyric 

50 acid (3HpFPxB) as a monomer unit. Further, it is likely that the extracted PHA includes 3HpFPxB unit as a major 
component, however, it is the mixture containing more than one kind of component as a monomer unit selected from 
the group consisting of 3-hydroxybutyric acid, 3-hydorxyhexanoic acid, 3-hydroxyoctanoic acid, 3-hydroxydecanoic 
acid, 3-hydroxydodecanoic acid, 3-hydroxydodecenoic acid. Estimated average molecular weight was Mn=42400 for 
number-average molecular weight, on the other hand, Mw=90600 for weight-average molecular weight. 

55 [0388] This PHA was also determined by NMR analysis with the same measuring apparatus and same measuring 
condition as shown in the Example 40. The measured 1 H-NMR spectra chart is shown in FIG. 19. Table 47 shows the 
analytical (corresponding) result of each signal for major peak for NMR spectra illustrated in the FIG. 19. This analytical 
(corresponding) result confirmed that the resulting PHA contained 3HpFPxB unit as a major component. 
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[Example 42] 

[0389] Cells of Pseudomonas cichorii H45; FERM BP-7374 were inoculated in 1 0 mL of M9 medium containing D- 
glucose 0.5%, and was shake-cultured at 30°C in 1 25 strokes/min. for 72 hours. Then 2 ml of the culture was transferred 
5 Into 200 ml of M9 medium containing 0.5% D-glucose and 0.1% pFPxBA, and further shake cultured at 30°C In 125 
strokes/min. After 45 hours, cultured cells were recovered by centrif ugation, and re-suspended in M9 medium contain- 
ing D-glucose 0.5% and pFPxBA 0.1%, but not containing inorganic nitrogen source (NH 4 CI), and further cultured at 
30°C in 125 strokes/min. After 46 hours, cells were recovered by centrifugation, washed once with cold methanol and 
lyophilized. 

10 [0390] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 u.m, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 
[0391] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 

15 in Table 48, result of identification, and, weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA with 3HpFPxB as a monomer unit. The extracted PHA mainly consists 
of 3HpFPxB as a main component, and is considered to be a mixture containing more than one of compounds selected 
from the group consisting of 3-hydroxybutyric acid, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, 3-hydroxydeca- 
noic acid, 3-hydroxydodecanoic acid and 3-hydroxydodecenoic acid, as a monomer unit. 

20 

[Example 43] 

[0392] Cells of Pseudomonas cichorii YN2 were inoculated in 200 ml M9 medium containing D-glucose 0.5% and 
pFPxBA 0.1% and was shake cultured at 30°C in 125 strokes/min. After 96 hours, the cultured cells were recovered 
25 by centrifugation, and re-suspended in 200 ml of M9 medium containing D-glucose 0.5% and pFPxBA 0.1% but not 
containing an inorganic nitrogen source (NH 4 Cl), and further shake cultured at 30°C in 1 25 strokes/min. After 64 hours, 
cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 

[0393] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
30 the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 

[0394] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 
In Table 49, result of identification, and weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA with 3HpFPxB as a major monomer unit. 

35 

[Example 44] 

[0395] Cells of Pseudomonas cichorii H45 were inoculated in M9 medium 200 mL containing D-glucose 0.5% and 
pFPxBA 0.1% and was shake cultured at 30°C in 125 strokes/min. After 96 hours, cultured cells were recovered by 
40 centrifugation, and re-suspended in M9 medium not containing inorganic nitrogen source NH 4 CI, containing D-glucose 
0.5% and pFPxBA 0.1% (200 ml), then further shake cultured at 30°C in 125 strokes/min. After 64 hours, cells were 
recovered by centrifugation, washed once with cold methanol and lyophilized. 

[0396] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter of pore size 0.45 u.m, concentrated using rotary evaporator, precipitated 
45 the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 

[0397] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 
In Table 50, result of identification, and, weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA with 3HpFPxB as a major monomer unit. 

50 

[Example 45] 

[0398] Cells of Pseudomonas cichorii YN2 were inoculated in 200 ml of M9 medium containing polypeptone 0.5% 
and pFPxBA 0.1% and was shake cultured at 30°C in 125 strokes/min. After 24 hours, cultured cells were recovered 
55 by centrifugation, and re-suspended in 200 ml of M9 medium containing sodium pyruvate 0.5% and pFPxBA 0.1%, 
but not containing inorganic nitrogen source NH 4 CI, and further shake cultured at 30°C in 125 strokes/min. After 24 
hours, cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 
[0399] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
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The extract was filtered using membrane filter (pore size 0.45 fim), concentrated by rotary evaporator, precipitated the 
concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 
[0400] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 
5 in Table 51 , result of identification, weight obtained and yield of the lyophilized pellet and the recovered polymer are 
shown. The thus obtained PHA is the PHA with 3HpFPxB as a major monomer unit. 

[Example 46] 

10 [0401] Cells of Pseudomonas cichorii H45 were inoculated in 200 ml of M9 medium containing polypeptone 0.5% 
and pFPxBA 0.1% and was shake cultured at 30°C in 125 strokes/min. After 24 hours : the cells were recovered by 
centrifugation, and re-suspended in 200 ml of M9 medium not containing inorganic nitrogen source NH 4 CI, and con- 
taining sodium pyruvate 0.5% and pFPxBA 0.1%, then further shake cultured at 30°C in 125 strokes/min. After 24 
hours, the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 

is [0402] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 u.m, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 
[0403] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 

20 in Table 52, result of identification, and, weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA with 3HpFPxB as a major monomer unit. 

[Example 47] 

25 (Synthesis of 4-(3-fluorophenoxy)butyric acid) 

[0404] Novel compound 4-(3-fluorophenoxy)butyric acid was prepared by the following synthetic method. 

[0405] Dehydrated acetone 240 mL was poured in a four-neck round-bottom flask, and potassium carbonate 15.2 g 

(0.11 mol) was added thereto, then stirred under nitrogen atmosphere. Sodium iodide 9.0 g (0.06 mol) and 3-fluoroph- 

30 enol 7.9 g (0.07 mol) were added to the solution, and the mixture was stirred sufficiently at room temperature under 
nitrogen atmosphere Then ethyl 4-bromobutyrate 11 .7 g (0.06 mol) and refluxed at 65°C for 24 hours. 
[0406] After completed the above reaction, solvent acetone wa* distilled off using rotary evaporator, and the residue 
was dissolved in chloroform. Water was added therein for separation and the organic layer was collected. The organic 
layer was dehydrated by adding anhydrous magnesium sulfate and the chloroform was distilled off by using rotary 

35 evaporator. Further, the residue was dried in vacuo using vacuum pump to obtain crude ethyl 4-(3-fluorophenoxy) 
butyrate 1 4 g (purification 87.9%, GC-MS peak ratio, determined by El method using gas chromatography-mass spec- 
trograph: 

GC-MS Shimadzu QP-5050). The thus obtained crude ethyl 4-(3-fluorophenoxy) butyrate was used subsequent ester 
hydrolysis without purification. 

40 [0407] The thus obtained crude ester 3.0 g was dissolved in a mixture of ethanol-water [1 .9 (V/V)] 1 00 mL, to which 
about 1 0-fold excess molar equivalent of potassium hydroxide was added, and the mixture was reacted at room tem- 
perature for 4 hours. The reaction mixture was poured into about 200 mL of 0.1 mol/l aqueous hydrochloric acid to 
precipitate. The precipitate was filtered, separated and dried in vacuo under the vacuum pump Xo obtain crude 4- 
(3-fluorophenoxy) butyric acid. 

45 [0408] The thus obtained crude 4-(3-fluorophenoxy) butyric acid (precipitate) was dissolved in a small amount of hot 
methanol and gradually cooled for recrystallization. Filtered recrystallized product was dried using vacuum pump to 
obtain 4-(3-fluorophenoxy) butyric acid. 

[0409] The yield of 4-(3-fluorophenoxy) butyric acid obtained from crude ester 3.0 g was 2.4 g. Consequently, total 
yield in the whole process based on the raw material ethyl 4-bromobutyrate is 93.2%. 
so [0410] For verification of the objective compound 4-(3-fluorophenoxy) butyric acid, structure of the obtained com- 
pound was identified by NMR using following measuring apparatus and conditions. 

<Measuring apparatus> 

55 [0411] FT-NMR: Bruker DPX400 
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<Measuring condition> 

[0412] Resonance frequency: 1 H 400 MHZ 
13C100MHZ 
5 Measuring nuclide: 1 H and 13 C 

Solvent used: CDCl 3 
Reference: Capillary sealed TMS/CDCI 3 
Measuring temperature: room temperature 
[0413] 1 H-NMR spectrum and 13 C-NMR spectrum are shown in FIG. 20 and FIG. 21 , respectively. In Table 53 and 
10 Table 54, results of analyses (assignments) of respective signals of NMR spectra, which are shown in FIG. 20 and 
FIG. 21 , are shown. According to the result of analysis (assignment), the obtained compound is confirmed to be the 
objective compound 4-(3-fluorophenoxy) butyric acid. 



[Example 48] 



15 



[0414] Cells of Pseudomonas cichorii YN2; FERM BP-7375 were inoculated in 1 0 mL of M9 medium containing D- 
glucose 0.5% and shake cultured at 30°C at 125 strokes/min for 72 hours. Then 2 mL of the culture was transferred 
into 200 ml of M9 medium containing D-glucose 0.5% and mFPxBA 0.1% and shake cultured at 125 strokes/min. After 
45 hours, the cells were recovered by cenlrifugation, and re-suspended in 200 ml of M9 medium containing D-glucose 
20 o.5% and mFPxBA 0.1% but not containing inorganic nitrogen source NH 4 CI, and further shake cultured at 30°C at 
125 strokes/min. After 47 hours, cells were recovered by centrifugation, washed once with cold methanol and lyophi- 
lized. 

[0415] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 

The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
25 the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 

[0416] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 

raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 

In FIG. 22, measured GC-MS spectrum data is shown. Upper part of FIG. 22 indicates GC spectrum, and the lower 

part indicates MS spectrum corresponding to main peaks on the above GC spectrum. As a result, the thus obtained 
30 PHA is the PHA, which contains 3-hydroxy-4-(3-fluorophenoxy) butyric acid (3HmFPxB) as a major monomer unit as 

well as small amount of 6 types of monomer units, and the compound can be illustrated as the following chemical 

structure. (48). 
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[0417] Molecular weight of PHA was measured by using gel-permeation chromatography (GPC: Toso HLC-8020; 
Column: Polymer Laboratory PLgel MIX ED-C, 5 urn; Solvent: chloroform: Molecular weight: reduced value for poly- 
styrene). 

[0418] In Table 55, result of identification, average molecular weight, and weight obtained and yield of the lyophilized 
55 pellet and the recovered polymer are shown. The thus obtained PHA is the PHA, which contains 3-hydroxy-4-(3-fluor- 
ophenoxy) butyric acid (3HmFPxB) as a monomer unit. The extracted PHA mainly consists of 3HmFPxB unit as a main 
component, and is considered to be a mixture containing more than one of compounds selected from the group con- 
sisting of 3-hydroxybutyric acid, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic acid, 3-hydroxydecanoic acid, 3-hydrox- 
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ydodecanoic acid and 3-hydroxydodecenoic acid, as a monomer unit. The evaluated average molecular weight is: 
number average molecular weight Mn=34500 and weight-average molecular weight Mw= 75200. 
[0419] NMR analysis of the PHA was performed by the same procedures using same measuring apparatus and 
measuring conditions as described in example 47. Measured 1 H-NMR spectrum is shown in FIG. 23. In Table 56, result 
5 of analysis (assignment) of major peak signals of NMR spectrum in FIG. 23 is shown. According to the result of analysis 
(assignment), the obtained compound is confirmed to have 3HmFPxB unit as a major component. 

[Example 49] 

10 [0420] Cells of Pseudomonas cichorii H45; FERM BP-7374 were inoculated in 10 mL of M9 medium containing D- 
glucose 0.5% and was cultured at 30°C with shaking at 125 strokes/min for 72 hours. Then 2 mL of the culture was 
transferred into 200 mL of M9 medium containing D-glucose 0.5% and mFPxBA 0.1% and shake cultured at 30°C at 
125 strokes/min. After 45 hours, the cells were recovered by centrifugation, and were re-suspended in 200 mL of M9 
medium containing D-glucose 0.5% and mFPxBA 0.1% but not containing inorganic nitrogen source (NH 4 CI), then 

15 further shake cultured at 30°C in 1 25 strokes/min. After 47 hours, cells were recovered by centrifugation, washed once 
with cold methanol and lyophilized. 

[0421] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 

20 [0422] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas -chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 
In Table 57, result of identification, and weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA, which contains 3HmFPxB as a monomer unit. The extracted PHA 
mainly consists of 3HmFPxB unit as a main component, and is considered to be a mixture containing more than one 

25 of compounds selected from the group consisting of 3-hydroxybutyric acid, 3-hydroxyhexanoic acid, 3-hydroxyoctanoic 
acid, 3-hydroxydecanoic acid, and 3-hydroxydodecanoic acid, as a monomer unit. 

[Example 50] 

30 [0423] Pseudomonas cichorii H45 was inoculated in 200 ml of M9 medium containing D-glucose 0.5% and mFPxBA 
0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 96 hours, cultured cells were recovered by 
centrifugation, and re-suspended in M9 medium containing D-glucose 0.5% and mFPxBA 0.1% but not containing the 
inorganic nitrogen source NH 4 CI, then further shake cultured at 30°C, 125 strokes/min. After 64 hours, cells were 
recovered by centrifugation, washed once with cold methanol and lyophilized. 

35 [0424] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 
[0425] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 

40 In Table 58, result of identification, and weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA containing 3HmFPxB as a major monomer unit. 

[Example 51 ] 

45 [0426] Pseudomonas cichorii YN2 was inoculated in 200 mL of M9 medium containing polypeptone 0.5% and mF- 
PXBA 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 24 hours, cultured cells were recovered 
by centrifugation, and re-suspended in 200 ml of M9 medium containing sodium pyruvate 0.5% and mFPxBA 0.1% 
but not containing the inorganic nitrogen source NH 4 CI, then further shake cultured at 30°C, 125 strokes/min. After 24 
hours, bacterial cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 

so [0427] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 
[0428] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 

55 In Table 59, result of identification, and weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA containing 3HmFPXB as a major monomer unit. 
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[Exampie 52] 

[0429] Pseudomonas cichorii H45 was inoculated in 200 mL of M9 medium containing polypeptone 0.5% and mF- 
PxBA 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 24 hours, cultured cells were recovered 

5 by centrifugation, and were re-suspended in 200 mL of M9 medium containing sodium pyruvate 0.5% and mFPxBA 
0.1% but not containing inorganic nitrogen source NH 4 CI, then further shake cultured at 30°C, 125 strokes/min. After 
24 hours, the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 
[0430] The lyophilized pellet was suspended in chloroform 20 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 

10 the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 

[0431] The thus obtained PHA was subjected to methanolysis, and the product was analyzed using gas-chromatog- 
raphy mass spectrograph (GC-MS, Shimadzu QP-5050, El method) to identify methyl esterified PHA monomer units. 
In Table 60, result of identification, and weight obtained and yield of the lyophilized pellet and the recovered polymer 
are shown. The thus obtained PHA is the PHA containing 3HmFPxB as a major monomer unit. 

15 

[Example 53] 

<Production of PHA containing HFPxV unit by strain YN2 (one step culture using polypeptone)> 

20 [0432] The strain YN2 was inoculated in 200 mL of M9 medium containing polypeptone (Wako Pure Chemicals Co.) 

0.5% and 5-(4-fluorophenoxy) valeric acid (FPxVA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. 

After 27 hours, cells were recovered by centrifugation, washed once with cold methanol, lyophilized and were weighed. 

[0433] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 20 hours to extract polymer. 

The extract was filtered using membrane filter, pore size 0.45 |im, concentrated using rotary evaporator, precipitated 
25 the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 

as such. 

[0434] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-gel^ MIXED-C 5 n.m; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

so [0435] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 

35 molecular weight and analytical result of the monomer unit are shown in Table 61 . Ratio of monomer unit was calculated 
by area ratio of GC-MS total ion chromatogram (TIC). Mass spectra obtained by GC-MS of 3-hydroxybutyric acid methyl 
ester and 3-hydroxy-5-(4-fluorophenoxy) valeric acid methyl ester are shown in FIG. 24 and FIG. 25. 
[0436] Result indicates that PHA copolymer containing 3-hydroxy-5-(4-fluorophenoxy) valeric acid unit can be pro- 
duced by the strain YN2 with a substrate 5-(4-fiuorophenoxy) valeric acid. 

40 

[Example 54] 

<Production of PHA containing HFPV unit by strain YN2 (one step culture using polypeptone)> 

45 [0437] The strain YN2 was inoculated in 200 mL of M9 medium containing polypeptone (Wako Pure Chemicals Co.) 

0.5% and 5-(4-fluorophenyl) valeric acid (FPVA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 

27 hours, the cells were recovered by centrifugation, washed once with cold methanol, lyophilized and weighed. 

[0438] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 20 hours to extract polymer. 

The extract was filtered using membrane filter, pore size 0.45 jxm, concentrated using rotary evaporator, precipitated 
50 the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 

as such. 

[0439] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 u/n; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

55 [0440] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 



71 




EP1 113 033 A2 



ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
molecular weight and analytical result of the monomer unit are shown in Table 62. Ratio of monomer unit was calculated 
by area ratio of GC-MS total ion chromatogram (TIC). Mass spectra obtained by GC-MS of 3-hydroxybutyric acid methyl 
ester and 3-hydroxy-5-(4-fluorophenyl) valeric acid methyl ester are shown in FIG. 26 and FIG. 27. 
5 [0441] Result indicates that PHA copolymer containing 3-hydroxy-5-(4-fluorophenyl) valeric acid unit can be pro- 
duced by the strain YN2 with a substrate 5-(4-fluorophenyl) valeric acid. 

[Example 55] 

w <Production of PHA containing HFPxV unit by strain YN2 (two step culture using glucose)> 

[0442] The strain YN2 was inoculated in 200 mL of M9 medium containing glucose 0.5% and 5-(4-fluorophenoxy) 
valeric acid (FPxVA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 24 hours, the cultured cells 
were recovered by centrifugation, and were re-suspended in 200 mL of M9 medium containing glucose 0.5% and 

15 FPxBA 0.1% but not containing nitrogen source (NH 4 CI), then further shake cultured at 30°C, 125 strokes/min. After 
62 hours, the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 
[0443] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 20 hours to extract polymer. 
The extract was filtered using membrane filter, pore size 0.45 u.m, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 

20 [0444] Molecular weight of the obtained polymer was measured by means of gel -permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-get, MIXED-C5 p.m; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

[0445] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 

25 v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 63. Mass spectra obtained by GC-MS of 3-hydroxyoctanoic 
acid methyl ester, 3-hydroxydecanoic acid methyl ester and 3-hydroxy-5-(4-fluorophenoxy) valeric acid (3HFPxV) me- 

30 thyl ester obtained by GC-MS measurement are shown in FIG. 28 to FIG. 30. 

[0446] Result indicates that PHA copolymer containing 3-hydroxy-5-(4-fluorophenoxy) valeric acid (3HFPxV) unit 
can be produced by the strain YN2 with a substrate 5-(4-fluorophenoxy) valeric acid. 

[Example 56] 

35 

Production of PHA containing HFPV unit by strain YN2 (two step culture using glucose)> 

[0447] The strain YN2 was inoculated in 200 mL of M9 medium containing glucose 0.5% and 5-(4-fluorophenyl) 

valeric acid (FPVA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 24 hours, the cultured cells 
40 were recovered by centrifugation, and were re-suspended in 200 mL of M9 medium containing glucose 0.5% and 

FPxVA 0.1% but not containing the nitrogen source (NH 4 CI), then further shake cultured at 30°C in 125 strokes/min. 

After 62 hours, the cells were recovered by centrifugation, washed once with cold methanol and lyophilized. 

[0448] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 20 hours to extract polymer. 

The extract was filtered using membrane filter, pore size 0.45 ujn, concentrated using rotary evaporator, precipitated 
45 the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 

[0449] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 

Toso, HLC-B020; Column: Polymer Laboratory, PL-gel, MIXED-C5 jim; Solvent: chloroform; Molecular weight: reduced 

value for polystyrene). 

[0450] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
50 was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 64. Mass spectra obtained by GC-MS of 3-hydroxyoctanoic 
55 acid methyl ester, 3-hydroxydecanoic acid methyl ester and 3-hydroxy-5-(4-fluorophenyl) valeric acid (3HFPV) methyl 
ester obtained by GC-MS measurement are shown in FIG. 31 to FIG. 33. 

[0451] Result indicates that PHA copolymer containing 3-hydroxy-5-(4-fluorophenyl) valeric acid (3HFPV) unit can 
be produced by the strain YN2 with a substrate 5-(4-fluorophenyl) valeric acid. 
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[Example 57] 

Production of PHA containing HFPV unit and HFPxV unit by strain YN2 (two step culture using glucose)> 

[0452] Two M9 media containing glucose 0.5% and 5-(4-fluorophenyl) valeric acid (FPVA) 0.1%, and containing 
glucose 0.5% and 5-(4-fluorophenoxy) valeric acid (FPxVA) 0.1% were prepared respectively. Cells of strain YN2 were 
inoculated in 200 mL of each M9 medium, and cultured at 30°C with shaking at 125 strokes/min. After 94 hours, the 
cultured cells were recovered by centrifugation, and the cells of these two cultures were re-suspended together in 200 
mL of M9 medium containing glucose 0.5%, FPVA 0.1% and FPxVA 0.1% but not containing nitrogen source (NH 4 CI), 
then further shake cultured at 30°C, 1 25 strokes/min. After24 hours, the cells were recovered by centrifugation, washed 
once with cold methanol and lyophilized. 

[0453] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 20 hours to extract PHA. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain PHA by vacuum drying. 
[0454] Molecular weight of the obtained polymer was measured by means of gel -permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 u,m; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

[0455] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 65. Mass spectra obtained by GC-MS of 3-hydroxyoctanoic 
acid methyl ester, 3-hydroxydecanoic acid methyl ester 3-hydroxy-5-(4-f luorophenyl) valeric acid (3HFPV) methyl ester 
and 3-hydroxy-5-(4-fluorophenoxy) valeric acid (3HFPxV) methyl ester obtained by GC-MS measurement are shown 
in FIG. 34 to FIG. 37. 

[0456] Results indicate that PHA copolymer containing 3-hydroxy-5-(4-fluorophenyl) valeric acid (3HFPV) unit and 
3-hydroxy-5-(4-fluorophenoxy) valeric acid (3HFPxV) unit can be produced by the strain YN2 with a substrate 5-(4-fluor- 
ophenyl) valeric acid and 5-(4-fluorophenoxy) valeric acid. 



[Example 58] 

Production of PHA containing HPxN unit, HPxHp unit and HPxV unit by strain YN2 (one step culture using 
polypeptone)> 

[0457] The strain YN2 was inoculated in 200 mL of M9 medium containing polypeptone (Wako Pure Chemicals Co.) 
0.5% and 11 -phenoxyundecanoic acid (PxUDA) 0.1% and was cultured at 30°C with shaking 125 strokes/min. After 
64 hours, the cells were recovered by centrifugation, washed once with cold methanol, lyophilized and weighed. 
[0458] The lyophilized pellet was suspended in acetone 1 00 mL, and stirred at room temperature (23°C) for 72 hours 
to extract polymer. The extract was filtered using membrane filter, pore size 0.45 u.m, concentrated using rotary evap- 
orator, precipitated the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum 
drying, then weighed as such. 

[0459] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 ujtv, Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

[0460] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 66. Mass spectra obtained by GC-MS of 3-hydroxybutyric 
acid methyl ester, 3-hydroxyoctanoic acid methyl ester, 3-hydroxydecanoic acid methyl ester, 3-hydroxy-5-phenoxy- 
valeric acid (3HPxV) methyl ester, 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) methyl ester and 3-hydroxy-9-phe- 
noxynonanoic acid (3HPxN) methyl ester are shown in FIG. 38 to FIG. 43. 

[0461] Result indicates that PHA copolymer containing three units of 3-hydroxy-5-phenoxy valeric acid (3HPxV), 
3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) and 3-hydroxy-9-phenoxynonanoic acid (3HPxN) can be produced by 
strain YN2 with a substrate 11 -phenoxyundecanoic acid. 
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[Example 59] 

Production of PHA containing HPxN unit, HPxHp unit and HPxV unit by strain YN2 (two steps culture using glucose)> 

5 [0462] The strain YN2 was inoculated in 200 mL of M9 medium containing glucose 0.5% and 1 1 -phenoxyundecanoic 
acid (PxUDA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 64 hours, the cultured cells were 
recovered by centrifugation, and were re-suspended in woo mL of M9 medium 200 mL containing glucose 0.5% and 
PxUDA 0.1% but not containing nitrogen source (NH 4 CI), then further shake cultured at 30°C, 125 strokes/min. After 
24 hours, the cells were recovered by centrifugation, washed once with cold methanol, lyophilized and weighed. 

10 [0463] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 24 hours to extract polymer. 
The extract was filtered using membrane filter/pore size 0.45 u.m, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 
as such. 

[0464] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
is Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIX ED-C 5 ^m; Solvent: chloroform: Molecular weight: reduced 
value for polystyrene). 

[0465] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 

20 was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shirnadzu QP-5050, Column. DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 67. Mass spectra obtained by GC-MS of 3-hydroxybutyric 
acid methyl ester, 3-hydroxyhexanoic acid methyl ester, 3-hydroxyoctanoic acid methyl ester, 3-hydroxydecanoic acid 
methyl ester, 3-hydroxydodecanoic acid methyl ester, 3-hydroxydodecenoic acid methyl ester, 3-hydroxy-5-phenoxy- 

25 valeric acid (3HPxV) methyl ester, 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) methyl ester and 3-hydroxy-9-phe- 
noxynonanoic acid (3HPxN) methyl ester are shown in FIG. 44 to FIG. 52. 

[0466] Result indicates that PHA copolymer containing three units of 3-hydroxy-5-phenoxyvaleric acid (3HPxV), 3-hy- 
droxy-7-phenoxyheptanoic acid (3HPxHp) and 3-hydroxy-9-phenoxynonanoic acid (3HPxN) can be produced by the 
strain YN2 with a substrate 11 -phenoxyundecanoic acid. 

30 

[Example 60] 

Production of PHA containing HPxN unit, HPxHp unit and HPxV unit by strain H45 (two steps culture using glucose)> 

35 [0467] Strain H45 was inoculated in 200 mL of M9 medium containing glucose 0.5% and 11 -phenoxyundecanoic 
acid (PxUDA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 64 hours, the cultured cells were 
recovered by centrifugation, and were re-suspended in 200 mL of M9 medium containing glucose 0.5% and PxUDA 
0.1% but not containing nitrogen source (NH 4 Cl), then further shake cultured at 30°C, 125 strokes/min. After 24 hours, 
the cells were recovered by centrifugation, washed once with cold methanol, lyophilized and weighed. 

40 [0468] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 24 hours to extract polymer. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 
as such. 

[0469] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
45 Toso, HLC-B020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 jim; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

[0470] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 

50 was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shirnadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 68. Mass spectra obtained by GC-MS of 3-hydroxybutyric 
acid methyl ester, 3-hydroxyhexanoic acid methyl ester, 3-hydroxyoctanoic acid methyl ester, 3-hydroxydecanoic acid 
methyl ester, 3-hydroxydodecanoic acid methyl ester, 3-hydroxydodecenoic acid methyl ester, 3-hydroxy-5-phenoxy- 

55 valeric acid (3HPxV) methyl ester, 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) methyl ester and 3-hydroxy-9-phe- 
noxynonanoic acid (3HPxN) methyl ester are shown in FIG. 53 to FIG. 61 . 

[0471] Result indicatesthat PHA copolymer containing three unitsof 3-hydroxy-5-phenoxyvalericacid (3HPxV), 3-hy- 
droxy-7-phenoxyheptanoic acid (3HPxHp) and 3-hydroxy-9-phenoxynonanoic acid (3HPxN) can be produced by the 
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strain H45 with a substrate 11-phenoxyundecanoic acid. 
[Example 61) 

5 Production of PHA containing HPxO unit, HPxHx unit and HPxB unit by strain YN2 (one step culture using 
polypeptone)> 

[0472] The strain YN2 was inoculated in 200 mL of M9 medium containing polypeptone (Wako Pure Chemicals Co.) 
0.5% and 8-phenoxyoctanoic acid (PxOA) 0.1% and was shake cultured at 30°C in 125 strokes/min. After 24 hours, 
10 the cells were recovered by centrifugation, washed once with cold methanol, lyophiiized and weighed. 

[0473] The lyophiiized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 24 hours to extract polymer . 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 
as such. 

15 [0474] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 u/n; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

[0475] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 

20 v /v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 69. Mass spectra obtained by GC-MS of 3-hydroxybutyric 
acid methyl ester, 3-hydroxy-4-phenoxybutyric acid (3HPxB) methyl ester, 3-hydroxy-6-phenoxyhexanoic acid 

25 (3HPxHx) methyl ester and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) methyl ester are shown in FIG. 62 to FIG. 65. 
[0476] Result indicates that PHA copolymer containing three units of 3-hydroxy-4-phenoxybutyric acid (3HPxB), 
3-hydroxy-6-phenoxyhexanoic acid (3HPxHx) and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) can be produced by 
the strain YN2 with a substrate 8-phenoxyoctanoic acid. 

30 [Example 62] 

Production of PHA containing HPxO unit, HPxHx unit and HPxB unit by strain H45 (one step culture using polypeptone)> 

[0477] The strain H45 was inoculated in 200 mL of M9 medium containing polypeptone (Wako Pure Chemicals Co.) 
35 0.5% and 8-phenoxyoctanoic acid (PxOA) 0.1% and was shake cultured at 30°C in 125 strokes/min. After 24 hours, 

the cells were recovered by centrifugation, washed once with cold methanol, lyophiiized and weighed. 

[0478] The lyophiiized pellet was suspended in chloroform 100 mL, and stirred at 60°C for 24 hours to extract polymer. 

The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 

the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 
40 as such. 

[0479] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 ujn; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

[0480] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
45 was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 70. Mass spectra obtained by GC-MS of 3-hycrrbxybutyric 
50 acid methyl ester, 3-hydroxy-4-phenoxybutyric acid (3HPxB) methyl ester, 3-hydroxy-6-phenoxyhexanoic acid 
(3HPxHx) methyl ester and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) methyl ester are shown in FIG. 66 to FIG. 69. 
[0481] Result indicates that PHA copolymer containing three units of 3 hydroxy-4-phenoxybutyric acid (3HPxB), 
3-hydroxy-6-phenoxyhexanoic acid (3HPxHx) and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) can be produced by 
the strain H45 with a substrate 8-phenoxyoctanoic acid. 

55 
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[Example 63] 



Production of PHA containing HPxO unit, HPxHx unit and HPxB unit by strain YN2 (two steps culture using glucose)> 

5 [0482] The strain YN2 was inoculated in 200 mL of M9 medium containing glucose 0.5% and 8-phenoxyoctanoic 
acid (PxOA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. After 48 hours, the cultured cells were 
recovered by centrifugation, and were re-suspended in 200 mL of M9 medium containing glucose 0.5% and PxOA 
0.1% but not containing nitrogen source (NH 4 CI), then further shake cultured at 30°C in 125 strokes/min. After 24 
hours, bacterial cells were recovered by centrifugation, washed once with cold methanol, lyophilized and were weighed. 

10 [0483] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 24 hours to extract polymer. 
The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 
as such. 

[0484] Molecular weight of the obtained polymer was measured by means of gel -permeation chromatography (GPC: 
15 Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 ujti; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

[0485] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 

20 was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 71 . Mass spectra obtained by GC-MS measurement of 
3-hydroxybutyric acid methyl ester, 3-hydroxyoctanoic acid methyl ester 3-hydroxydecanoic acid methyl ester, 3-hy- 
droxy-4-phenoxybutyric acid (3HPxB) methyl ester, 3-hydroxy-6-phenoxyhexanoic acid (3HPxHx) methyl ester and 

25 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) methyl ester are shown in FIG. 70 to FIG. 75. 

[0486] Result indicates that PHA copolymer containing three units of 3-hydroxy-4-phenoxybutyric acid (3HPxB), 
3-hydroxy-6-phenoxyhexanoic acid (3HPxHx) and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) can be produced by 
the strain YN2 with a substrate 8-phenoxyoctanoic acid. 

30 [Example 64] 

Production of PHA containing HPxO unit, HPxHx unit and HPxB unit by strain H45 (two steps culture using glucose)> 

[0487] The strain H45 was inoculated in 200 mL of M9 medium containing glucose 0.5% and 8-phenoxyoctanoic 
35 acid (PxOA) 0.1 % and cultured at 30°C with shaking at 1 25 strokes/min. After 48 hours, cultured bacterial cells were 

recovered by centrifugation, and were re-suspended in 200 mL of M9 medium containing glucose 0.5% and PxOA 

0.1% but not containing nitrogen source (NH 4 CJ), then further shake cultured at 30*C, 125 strokes/min. After 24 hours, 

the cells were recovered by centrifugation, washed once with cold methanol, lyophilized and weighed. 

[0488] The lyophilized pellet was suspended in chloroform 100mL, and stirred at 60°Cfor24 hours to extract polymer. 
40 The extract was filtered using membrane filter, pore size 0.45 um, concentrated using rotary evaporator, precipitated 

the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 

as such. 

[0489] Molecular weight of the obtained polymer was measured by means of gel -permeation chromatography (GPC: 
Toso, HLC-8020; Column: Polymer Laboratory, PL-gel, MIXED-C 5 um; Solvent: chloroform; Molecular weight: reduced 
45 value for polystyrene). 

[0490] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refluxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 

50 ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 
and analytical result of the monomer unit are shown in Table 72. Mass spectra obtained by GC-MS measurement of 
3-hydroxybutyric acid methyl ester, 3-hydroxyhexanoic acid methyl ester, 3-hydroxyoctanoic acid methyl ester, 3-hy- 
droxydecanoic acid methyl ester, 3-hydroxydodecanoic acid methyl ester, 3-hydroxydodecenoic acid methyl ester, 
3-hydroxy-4-phenoxybutyric acid (3HPxB) methyl ester, 3-hydroxy-6-phenoxyhexanoic acid (3HPxHx) methyl ester 

55 and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) methyl ester are shown in FIG. 76 to FIG. 84. 

[0491] Result indicates that PHA copolymer containing three units of 3-hydroxy-4-phenoxybutyric acid (3HPxB), 
3-hydroxy-6-phenoxyhexanoic acid (3HPxHx) and 3-hydroxy-8-phenoxyoctanoic acid (3HPxO) can be produced by 
the strain H45 with a substrate 8-phenoxyoctanoic acid. 



76 




EP 1 113 033 A2 



[Example 65) 

Production of PHA containing HPxHp unit and HPxV unit by strain YN2 (one step culture using polypeptone)> 

5 [0492] The strain YN2 was inoculated in 200 mL of M9 medium containing polypeptone (Wako Pure Chemicals Co.) 

0.5% and 7-phenoxyheptanoic acid (PxHpA) 0.1% and was cultured at 30°C with shaking at 125 strokes/min. 

After 64 hours, the cells were recovered by centrifugation, washed once with cold methanol, lyophilized and weighed. 

[0493] The lyophilized pellet was suspended in chloroform 1 00 mL, and stirred at 60°C for 24 hours to extract polymer. 

The extract was filtered using membrane filter, pore size 0.45 urn, concentrated using rotary evaporator, precipitated 
10 the concentrate with cold methanol, and recovered the precipitate to obtain the polymer by vacuum drying, then weighed 

as such. 

[0494] Molecular weight of the obtained polymer was measured by means of gel-permeation chromatography (GPC: 
Toso, HLC-8020; Column; Polymer Laboratory, PL-gel, MIXED-C 5 u.m; Solvent: chloroform; Molecular weight: reduced 
value for polystyrene). 

is [0495] Unit composition of the obtained polymer was analyzed by the following manner. The polymer sample 5 mg 
was poured into the 25 mL round-neck flask, and chloroform 2 mL and 2 mL of methanol containing sulfuric acid (3%, 
v/v). The mixture was refiuxed at 100°C for 3.5 hours, further added water thereto for separation. The organic layer 
was analyzed by means of gas-chromatography mass spectrograph (GC-MS, Shimadzu QP-5050, Column: DB-WAX- 
ETR (J & W Inc.), El method) to identify methyl esterified PHA monomer unit. Yields of bacterial cells and polymer, 

20 and analytical result of the monomer unit are shown in Table 73. Mass spectra obtained by GC-MS of 3-hydroxybutyric 
acid methyl ester, 3-hydroxyoctanotc acid methyl ester, 3-hydroxydecanoic acid methyl ester, 3-hydroxy-5-phenoxy- 
valeric acid (3HPxV) methyl ester and 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) methyl ester are shown in FIG. 
85 to FIG. 89. 

[0496] Result indicates that PHA copolymer containing two units of 3-hydroxy-5-phenoxyvaleric acid (3HPxV) and 
25 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) can be produced by strain YN2 with a substrate 7-phenoxyheptanoic 
acid. 

[Example 66] 

30 Production of PHA Containing HPxHp unit and HPxV Unit by Using strain H45 (Polypeptone, One-Step Culture)> 

[0497] Strain H45 was inoculated in 200 mL of M9 medium containing 0.5% polypeptone (Wako Jun-Yaku Kogyo 
available) and 0.1% 7-phenoxyheptanoic acid (PxHpA) and cultured with shaking at 125 strokes/min at 30°C. After 64 
hr, the cells were collected by centrifugation, washed once with cold methanol., lyophilized and weighed. 
35 [0498] This lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 24 hr to extract the 
polymer. After filtered through a 0.45 ^m pore-size membrane filter, the extract was concentrated by using a rotary 
evaporator and the concentrated solution was re-precipitated in cold methanol, and the precipitate was collected, vac- 
uum-dried and weight as the polymer. 

[0499] The molecular weight of the obtained polymer was measured by using gel permeation chromatography (GPC: 
40 Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 u,m; solvent: chloroform; polystyrene reduced molec- 
ular weight). 

[0500] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
a 25 mL volume round bottom flask, 2 mL of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100°C and 3.5 hr reflux and separated with a further addition of water, then the 

45 organic layer was analyzed by a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify a methyl esterified substance of the PHA monomer unit. Table 
74 shows the yield of the cells and polymers and the analyzed result of the monomer unit. Besides, FIGS. 90 to 92 
show the mass spectra, obtained by the GC-MS measurement of 3-hydroxybutyrate methyl ester, 3-hydroxy-5-phe- 
noxyvalerate (3HPxV) methyl ester and 3-hydroxy-7-phenoxyheptanoate (3HPxHp) methyl ester, respectively. 

50 [0501 ] From this result, it was revealed that PHA copolymer containing two units of 3-hydroxy-5-phenoxyvaleric acid 
(3HPxV) and 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) could be produced using strain H45 and 7-phenoxyhep- 
tanoic acid as the substrate. 

[Example 67] 

55 

Production of PHA Containing HPxHp unit and HPxV Unit by Using strain YN2 (Glucose, Two-Step Culture)> 
[0502] Strain YN2 was inoculated in 200 mL of M9 culture medium containing 0.5% glucose and 0.1% 7-phenoxy- 
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heptanoic acid (PxHpA) and cultured with 125 Strokes/min of shaking at 30°C. After 64 hr, the cells were collected by 
centrif ligation, re-suspended into 200 rnL of M9 culture medium containing 0.5% glucose and 0.1% PxHpA and no 
nitrogen source (NH 4 CI) and further cultured with 125 strokes/min of shaking at 30°C. 

After 24 hr, the cells were collected by centrif ugation, washed once with cold methanol, lyophilized and weighed. 
5 [0503] This lyophilized pellet was suspended in 1 00 ml_ of chloroform and stirred at 60°C for 24 hr to extract polymer. 
After filtered through a 0.45 u,m pore-size membrane filter, the extract was concentrated by using a rotary evaporator 
and the concentrated solution was re-precipitated in cold methanol, and the precipitate was collected and vacuum- 
dried to obtain a polymer, then this polymer was weighed. 

[0504] The molecular weight of the obtained polymer was measured by using gel permeation chromatography (GPC: 
10 Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 u,m; solvent: chloroform; polystyrene reduced molec- 
ular weight). 

[0505] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
a 25 mL volume round bottom flask, 2 ml_ of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100°C and 3.5 hr reflux and separated with a further addition of water, then the 
15 organic layer was analyzed on a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify the methyl esterified substance of the PHA monomer unit. Table 

75 shows the yield of the cells and polymer and the analyzed result of the monomer unit. Besides, FIGS. 93 to 100 
show the mass spectra, obtained by the GC-MS measurement of 3-hydroxybutyrate methyl ester, 3-hydroxyhexanoate 
methyl ester, 3-hydroxyoctanoate methyl ester, 3-hydroxydecanoate methyl ester, 3-hydroxydodecanoate methyl ester, 

20 3-hydroxydodecenoate methyl ester, 3-hydroxy-5-phenoxyvalerate (3HPxV) methyl ester and 3-hydroxy-7-phenoxy- 
heptanoate (3HPxHp) methyl ester, respectively. 

[0506] From this result, it was revealed that PHA copolymer containing two units of 3-hydroxy-5-phenoxyvateric acid 
(3HPxV) and 3-hydroxy~7-phenoxyheptanoic acid (3HPxHp) could be produced using strain YN2 and 7-phenoxyhep- 
tanoic acid as the substrate. 

25 

[Example 68] 

Production of PHA Containing HPxHp unit and HPxV Unit by Using strain H45 (Glucose, Two-Step Culture)> 

30 [0507] Strain H45 was inoculated in 200 mL of M9 culture medium containing 0.5% glucose and 0.1% 7-phenoxy- 
heptanoic acid (PxHpA) and cultured with 125 strokes/min of shaking at 30°C. After 64 hr, the cells were collected by 
centrif ugation, re-suspended into 200 mL of M9 culture medium containing 0.5% glucose and 0.1% PxHpA and no 
nitrogen source (NH 4 Cl) and further cultured with 125 strokes/min of shaking at 30°C. 

After 24 hr, the cells were collected by centrif ugation, washed once with cold methanol, lyophilized and weighed. 
35 [0508] This lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 24 hr to extract polymer. 
After filtered through a 0.45 u.m pore-size membrane filter, the extract was concentrated using a rotary evaporator and 
the concentrated solution was re-precipitated in cold methanol, and the precipitate was collected and vacuum-dried to 
obtain a polymer, then this polymer was weighed. 

[0509] The molecularweight of the obtained polymer was measured by using gel permeation chromatography (GPC: 
40 Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 \im\ solvent: chloroform; polystyrene reduced molec- 
ular weight). 

[0510] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
a 25 mL volume round bottom flask, 2 mL of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100°C and 3.5 hr reflux and separated with a further addition of water, then the 
45 organic layer was analyzed on a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify a methyl esterified substance of the PHA monomer unit. Table 

76 shows the yield of the cells and polymer and the analyzed result of the monomer unit. Besides, FIGS. 101 to 1 07 
show the mass spectra, obtained by the GC-MS measurement, of 3-hydroxyhexanoate methyl ester, 3-hydroxy- 
octanoate methyl ester, 3-hydroxydecanoate methyl ester, 3-hydroxydodecanoate methyl ester, 3-hydroxydo- 

so decenoate methyl ester, 3-hydroxy-5-phenoxyvalerate (3HPxV) methyl ester and 3-hydroxy-7-phenoxyheptanoate 
(3HPxHp) methyl ester, respectively. 

[051 1] From this result, it was revealed that PHA copolymer containing two units of 3-hydroxy-5-phenoxyvaleric acid 
(3HPxV) and 3-hydroxy-7-phenoxyheptanoic acid (3HPxHp) could be produced using strain H45 with 7-phenoxyhep- 
tanoic acid as the substrate. 

55 
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[Example 69] 

Production of PHA Containing PHPxV Unit by Using Strain YN2 (Sodium Malate Two-Step Culture)> 

5 [0512] Strain YN2 was inoculated in 200 ml_ of M9 culture medium containing 0.5% sodium malate and 0.1% 5-phe- 
noxyvaleric acid (PxVA) and cultured with 125 strokes/min of shaking at 30°C. After 60 hr, the cells were collected by 
centrifugation, re-suspended into 200 ml_ of M9 culture medium containing 0.5% sodium malate and 0.1% PxVA and 
no nitrogen source (NH 4 CI) and further cultured with 125 strokes/min of shaking at 30°C. 

After 24 hr, the cells were collected by centrifugation, washed once with cold methanol, lyophilized and weighed. 
10 [051 3] This lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 24 hr to extract polymer. 
After filtered through a 0.45 jim pore-size membrane filter, the extract was concentrated by using a rotary evaporator 
and the concentrated solution was re-precipitated in cold methanol, further the precipitate alone was collected and 
vacuum-dried to obtain a polymer, then this polymer was weighed. 

[0514] The molecular weight of the obtained polymer was measured by using gel permeation chromatography (GPC: 
15 Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 u.m; solvent: chloroform; polystyrene reduced molec- 
ular weight). 

[0515] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
a 25 mL volume round bottom flask, 2 mL of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100°C and 3.5 hr reflux and separated with a further addition of water, then the 

20 organic layer was analyzed on a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify a methyl esterified substance of the PHA monomer unit. Table 
77 shows the yield of the cells and polymer and the analyzed result of the monomer unit. Besides, FIGS. 108 to 114 
show the mass spectra, obtained by the GC-MS measurement, of 3-hydroxybutyrate methyl ester, 3-hydroxyhexanoate 
methyl ester, 3-hydroxyoctanoate methyl ester, 3-hydroxydecanoate methyl ester, 3-hydroxydodecanoate methyl ester, 

25 3-hydroxydodecenoate methyl ester and 3-hydroxy-5- phenoxyvalerate (3HPxV) methyl ester, respectively. 

[0516] From this result, it was revealed that PHA copolymer containing 3-hydroxy-5-phenoxyvaleric acid (3HPxV) 
unit could be produced using strain YN2 with 5-phenoxyvaleric acid as the substrate. 

[Example 70] 

30 

Production of PHA Containing HPxV Unit by Using Strain H45 (Sodium Malate Two-Step Culture)> 

[0517] Strain H45 was inoculated in 200 mL of M9 culture containing 0.5% sodium malate and 0.1% 5-phenoxyvaleric 
acid (PxVA) and cultured with 1 25 strokes/min of shaking at 30°C. After 60 hr : the cells were collected by centrifugation, 
35 re-suspended into 200 mL of M9 culture medium containing 0.5% sodium maleate and 0.1% PxVA and no nitrogen 
source (NH 4 CI) and further cultured with 125 strokes/min of shaking at 30°C. After 24 hr, the cells were collected by 
centrifugation, washed once with cold methanol, lyophilized and weighed. 

[051 8] This lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 24 hr to extract polymer. 
After filtered through a 0.45 u.m pore-size membrane filter, the extract was concentrated using a rotary evaporator and 
40 the concentrated solution was re-precipitated in cold methanol, and the precipitate was collected and vacuum-dried to 
obtain a polymer, then this polymer was weighed. 

[051 9] The molecular weight of the obtained polymer was measured by using gel permeation chromatography (GPC: 
Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 ujn; solvent: chloroform; polystyrene reduced molec- 
ular weight). 

45 [0520] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
a 25 mL volume round bottom flask, 2 mL of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100°C and 3.5 hr reflux and separated with a further addition of water, then the 
organic layer was analyzed on a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify a methyl esterified substance of the PHA monomer unit. Table. 

50 78 shows the yield of the cells and polymer and the analyzed result of the monomer unit. Besides, FIGS. 115 to 120 
show the mass spectra, obtained by the GC-MS measurement, of 3-hydroxyhexanoate methyl ester, 3-hydroxy- 
octanoate methyl ester, 3-hydroxydecanoate methyl ester, 3-hydroxydodecanoate methyl ester, 3-hydroxydo- 
decenoate methyl ester and 3-hydroxy-5-phenoxyvalerate (3HPxV) methyl ester, respectively. 

[0521] From this result, it was revealed that PHA copolymer containing 3-hydroxy-5-phenoxyvaleric acid (3HPxV) 
55 unit could be produced using strain H45 with 5-phenoxyvaleric acid as the substrate. 
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[Example 71] 

Production of PHA Containing HPV Unit by Using Strain YN2 (Fructose Two-Step Culture)> 

5 [0522] Strain YN2 was inoculated in 200 mt_ of M9 culture medium containing 0.5% fructose and 0. 1 % 5-phenylvaleric 
acid (PVA) and cultured with 125 strokes/mi n of shaking at30°C. After 120 hr the cells were collected by centrifugation, 
re-suspended into 200 mL of M9 culture medium containing 0.5% fructose and 0.1% PxVA and no nitrogen source 
(NH 4 CI) and further cultured with 125 strokes/min of shaking at 30°C. After 50 hr, the cells were collected by centrifu- 
gation, washed once with cold methanol, lyophilized and weighed. 

10 [0523] This lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 24 hr to extract polymer. 
After filtered through a 0.45 u.m pore-size membrane filter, the extract was concentrated by using a rotary evaporator 
and the concentrated solution was re-precipitated in cold methanol, further the precipitate alone was collected and 
vacuum-dried to obtain a polymer, then this polymer was weighed. 

[0524] The molecular weight of the obtained polymer was measured using gel permeation chromatography (GPC: 
is Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 u.m; solvent: chloroform; polystyrene reduced molec- 
ular weight). 

[0525] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
a 25 mL volume round bottom flask, 2 mL of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100°C and 3.5 hr reflux and separated with a further addition of water, then the 

20 organic layer was analyzed on a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify a methyl esterified substance of the PHA monomer unit. Table 
79 shows the yield of the cells and polymer and the analyzed result of the monomer unit. Besides, FIGS. 121 to 123 
show the mass spectra, obtained by the GC-MS measurement of 3-hydroxyoctanoate methyl ester, 3-hydroxyde- 
canoate methyl ester and 3- hydro xy-5-pheny I valerate (3HPV) methyl ester, respectively. 

25 [0526] From this result, it was revealed that a PHA copolymer containing 3-hydroxy-5-phenylva1eric acid (3HPV) unit 
could be produced using strain YN2 with 5-phenylvaleric acid as the substrate. 

[Example 72] 

30 Production of PHA Containing HPV Unit by Using Strain YN2 (Mannose Two-Step Culture)> 

[0527] Strain YN2 was inoculated in 200 mL of M9 culture medium containing 0.5% mannose and 0.1% 5-phenyl- 
valeric acid (PVA) and cultured with 125 strokes/min of shaking at 30°C. After 43 hr, the cells were collected by cen- 
trifugation, re-suspended into 200 mL of M9 culture medium containing 0.5% mannose and 0.1 % PxVA and no nitrogen 
35 source (NH 4 CI) and further cultured with 125 strokes/min of shaking at 30°C. After 91 hr, the cells were collected by 
centrifugation, washed once with cold methanol, lyophilized and weighed. 

[0528] This lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 24 hr to extract polymer. 
After fiiiered through a 0.45 pm pore-size membrane filter, the extract was concentrated using a rotary evaporator and 
the concentrated solution was re-precipitated in cold methanol, and the precipitate was collected and vacuum-dried to 
40 obtain a polymer, then this polymer was weighed. 

[0529] The molecular weight of the obtained polymer was measured by using gel permeation chromatography (GPC: 
Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 ujti; solvent: chloroform; polystyrene reduced molec- 
ular weight). 

[0530] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
45 a 25 mL volume round bottom flask, 2 mL of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100*C and 3.5 hr reflux and separated with a further addition of water, then the 
organic layer was analyzed on a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify a methyl esterified substance of the PHA monomer unit. Table 
80 shows the yield of the cells and polymer and the analyzed result of the monomer unit. Besides, FIGS. 124 and 125 
so show the mass spectra, obtained by the GC-MS measurement, of 3-hydroxyoctanoate methyl ester and 3-hydroxy- 
5-phenylvalerate (3HPV) methyl ester, respectively. 

[0531] From this result, it was revealed that PHA copolymer containing 3-hydroxy-5-phenylvaleric acid (3HPV) unit 
could be produced using strain YN2 with 5-phenylvaleric acid as the substrate. 

55 
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[Example 73] 

Production of PHA Containing HPV Unit by Using Strain YN2 (Sodium Lactate Two-Step Culture)> 

5 [0532] Strain YN2 was inoculated in 200 mL of M9 culture medium containing 0.5% sodium lactate and 0.1% 5-phe- 
nylvaleric acid (PVA) and cultured with 125 strokes/min of shaking at 30°C. After 46 hr, the cells were collected by 
centrifugation, re-suspended into 200 mL of M9 culture containing 0.5% sodium lactate and 0.1 % PxVA and no nitrogen 
source (NH 4 CI) and further cultured with 125 strokes/min of shaking at 30°C. After 28 hr, the cells were collected by 
centrif ugation, washed once with cold methanol, lyophilized and weighed. 

10 [0533] This lyophilized pellet was suspended in 1 00 mL of chloroform and stirred at 60°C for 24 hr to extract polymer. 
After filtered through a 0.45 u.m pore-size membrane filter, the extract was concentrated by using a rotary evaporator 
and the concentrated solution was re-precipitated in cold methanol, and the precipitate was collected and vacuum- 
dried to obtain a polymer, then this polymer was weighed. 

[0534] The molecular weight of the obtained polymer was measured using gel permeation chromatography (GPC: 
15 Toso/HLC-8020; column: Polymer Laboratory/PL gel/MIXED-C/5 urn; solvent: chloroform; polystyrene reduced molec- 
ular weight). 

[0535] The unit composition of the obtained polymer was analyzed as follows: To 5 mg of a polymer sample put in 
a 25 mL volume round bottom flask, 2 mL of chloroform and 2 mL of methanol containing 3% (v/v) sulfuric acid was 
added, the mixture was subjected to 100°C and 3.5 hr reflux and separated with a further addition of water, then the 

20 organic layer was analyzed on a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; column: DB- 
WAXETR (J & W Co. available); El method) to identify a methyl esterified substance of the PHA monomer unit. Table 
81 shows the yield of the cells and polymer and the analyzed result of the monomer unit. Besides, FIGS. 126 to 129 
show the mass spectra, obtained by the GC-MS measurement, of 3-hydroxybutyrate methyl ester, 3-hydroxyoctanoate 
methyl ester, 3-hydroxydecanoate methyl ester and 3-hydroxy-5-phenylvalerate (3HPV) methyl ester, respectively. 

25 [0536] From this result, it was revealed that PHA copolymer containing 3-hydroxy-5-phenylvaleric acid (3HPV) unit 
could be produced using strain YN2 with 5-phenylvaleric acid as the substrate. 

[Example 74] 

30 <Production of PHA Containing HPxB Unit by Using Strain YN2 (Disodium Malate Two-Step Culture)> 

[0537] Pseudomonas cichorii strain YN2 was inoculated in 200 mL of 5 types of M9 culture media each containing 
0.1% 4-phenoxy-n-butyric acid (PxBA) and one of 0.5% of disodium malate semihydrate, L-sodium glutamate mono- 
hydrate, D(+)-glucose and n-nonanoic acid and polypeptone (Nihon Seiyaku) respectively, and cultured with 125 
35 strokes/min of shaking at 30°C. After 48 hr, the cells were collected by centrifugation, washed once with cold methanol 
and vacuum-dried. 

[0538] These five pellets were suspended in 20 mL of chloroform separately and stirred at 60°C for 20 hr to extract 
PHA. After filtered through a 0.45 u.m pore-size membrane filter, each extract was concentrated using a rotary evap- 
orator and the concentrated solution was re-precipitated in cold methanol, and each precipitate was collected and 

40 vacuum-dried to obtain PHA. After subjected to methanolysis in accordance with the usual way, the obtained PHAs 
were analyzed using a gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; El method) to identify 
the methyl esterified substance of the PHA monomer unit. As a result, in case of cutturing with disodium malate as the 
growth carbon source, as shown in Table 82, PHA having a high proportion of 3-hydroxy-4-phenoxy-n-butyric acid 
(3HPxB) unit, a desired monomer unit derived from 4-phenoxy-n-butyric acid, was obtained at a high yield. Furthermore, 

45 Table 83 shows the yield of the cells and polymer and the composition of the polymer in the case of culture using 
disodium malate. 

[Example 75] 

so <Production of PHA Containing HPxB Unit by Using Strain YN2 (Disodium Malate Two-Step Culture: Mass Culture)> 

[0539] Pseudomonas cichorii strain YN2 was inoculated in 200 mL of M9 culture medium containing 0.5% yeast 
extract (Oriental Yeast Industries), and cultured with 125 strokes/min of shaking at 30°C as a seed culture. In a 10 L 
jar fermenter containing 5 L of M9 medium containing 0.5% of disodium malate semihydrate and 0.1% 4-phenoxy-n- 
55 butyric acid, 50 mL of seed cells was inoculated and shake cultured at 30°C with 80 stroke/min under aeration of 2.5 
L/rriin. After 39 hr, the cells were collected by centrifugation. This pellet was suspended in 120 mL of an approx. 1 .7% 
sodium hypochlorite solution and shaken at 4°C for 2 hr to extract PHA. PHA was collected by centrifugation and dried 
to obtain 56 mg of PHA per liter culture medium. 
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[0540] After subjected to methanolysis in accordance with the usual way r the obtained PHA was analyzed using a 
gas chromatograph - mass spectrometer (GC-MS, Shimadzu QP-5050; El method) to identify a methyl esterified sub- 
stance of the PHA monomer unit. As a result, the composition ratio (GC-MS, peak area ratio) of 3-hydroxy-4-phenoxy- 
n-butyric acid unit, a desired monomer unit derived from 4-phenoxy-n-butyric acid, was 99.7%. 
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SEQUENCE LISTING 

<1 10> Canon Inc. 

<120> Polyhydroxyalkanoate its manufacturing method, and microorganisms 
those are used for the method. 

<130> 4351009 

<!60> 1 

<210> I 
<2U> 1501 
<212> DNA 

<213> Pseudomonas jessenii 161 strain. 
<400> 1 

tgaacgctgg cggcaggcct aacacatgca agtcgagcgg atgacgggag cttgctcctg 
aattcagcgg cggacgggtg aglaalgcct aggaatclgc ctggtagtgg gggacaacgt 
ctcgaaaggg acgctaatac cgcatacgtc ctacgggaga aagcagggga ccttcgggcc 
ttgcgctatc agatgagcct aggtcggatt agctagttgg tgaggtaatg gctcaccaag 
gcgacgatcc gtaactggtc tgagaggatg atcagtcaca ctggaactga gacacggtcc 
agactcctac gggaggcagc agtggggaat attggacaat gggcgaaagc ctgatccagc 
catgccgcgt glgtgaagaa ggtcttcgga ttgtaaagca ctttaagttg ggaggaaggg 
cattaaccta atacgttagt gttttgacgt taccgacaga ataagcaccg gctaactctg 
igccagcagc cgcggtaata cagagggtgc aagcgttaat cggaattact gggcgtaaag 
cgcgcgtagg tggtttgtta agtiggatgl gaaagccccg ggctcaacct gggaactgca 



60 
120 
180 
240 
300 
360 
420 
480 
540 
600 
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ttcaaaactg acaagclaga gtalgglaga gggtggtgga attlcctgtg tagcggtgaa 660 

atgcgtagat ataggaagga acaccaglgg cgaaggcgac cacctggact galactgaca 720 

ctgaggtgcg aaagcgtggg gagcaaacag gattagatac cclggtaglc cacgccgtaa 780 

acgatgtcaa c tagccgt tg ggagcc ttga gctcttagtg gcgcagclaa cgcattaagi 840 

tgaccgcctg gggagtacgg ccgcaaggt t aaaaclcaaa tgaatteacg ggggcccgca 900 

caagcggigg agcalgtggt ttaallcgaa gcaacgcgaa gaacctfacc aggccttgac 960 

atccaalgaa ctttccagag alggatgggt gccttcggga acatlgagac aggtgctgca 1 020 

tggclgtcgl cagctcgtgl cglgagatgt tgggtlaagi cccgtaacga gcgcaaccct 1080 

tgtccttagt taccagcacg taatggtggg cactciaagg agactgccgg tgacaaaccg 1140 

gaggaaggtg gggatgacgt caagtcatca tggcccttac ggccigggci acacacglgc 1200 

tacaatggtc gglacagagg gttgccaagc cgcgaggtgg agctaatccc acaaaaccga 1260 

tcgtagtccg galcgcagtc tgcaacicga clgcgigaag tcggaatcgc taglaatcgc 1320 

gaatcagaal gtcgcggtga atacgttccc gggccltgia cacaccgccc gtcacaccai 1380 

gggagtgggt tgcaccagaa gtagctagtc taaccltcgg gaggacggtt accacgglgt 1440 

gattcalgac tgggglgaag Icglaccaag glagccgtag gggaacclgc ggclggalca 1500 

1501 



Table 1 



Carbon Source (alkanoate) 


Weight of dry cell (mg/L) 


Weight of dry polymer (mg/L) 


Yield (%) 


6-phenoxyhexanoic acid 


950 


100 


10.5 


8-phenoxyoctanoic acid 


820 


90 


11 


11 -phenoxyundecanoic acid 


150 


15 


10 



Table 2 



NA:CHBA 


CDW 


PDW 


Yield 


Unit 


5:5 


756.0 


89.1 


11.8 


NA, CHBA 


1:9 


132.8 


19.3 


14.5 


NA, CHBA 


CDW: C 
PDW: F 


^ell (Dry Weight) 
>olymer (Dry Weight) 
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Table 2 (continued) 



NA:CHBA 


CDW 


PDW 


Yield 


Unit 


Yield: PDW/CDW (%) 



Table 3 



Chemical Shift/ppm 


type 


Assignment 


1.67 


m 


c, d 


2.39 


t 


b 


2.62 


t 


e 


6.97 


t 


h.j 


7.12 


t 


g.k 


10.7 


broad 


COOH 



Table 4 





P. cichorii strain H45 


Cell (Dry weight) 


750mg/L 


Polymer (Dry weight) 


400mg/L 


Polymer (Dry weight)/Cell (Dry weight) 


53% 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


0% 


3-hydroxyvaleric acid 


0% 


3-hydroxyhexanoic acid 


0% 


3-hydroxyheptanoic acid 


13% 


3-hydroxyoctanoic acid 


3% 


3-hydroxynonanoic acid 


37% 


3-hydroxydecanoic acid 


0% 


3-hydroxy-5-(4-fluorophenyl)valeric acid 


47% 



Table 5 





P. cichorii strain YN2 


Cell (Dry weight) 


850mg/L 


Polymer (Dry weight) 


420mg/L 


Polymer (Dry weight)/Cell (Dry weight) 


49% 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


1% 


3-hydroxyvaleric acid 


1% 


3-hydroxyhexanoic acid 


0% 


3-hydroxyheptanoic acid 


15% 


3-hydroxyoctanoic acid 


2% 


3-hydroxynonanoic acid 


68% 


3-hydroxydecanoic acid 


0% 


3-hydroxy-5-(4-fluorophenyl)valeric 


acid 13% 
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Table 6 






P. putida P 91 strain 




Cell (Dry weight) 


670mg/L 




Polymer (Dry weight) 


51mg/L 




Polymer (Dry weight)/Cell (Dry weight) Monomer Unit Composition (area ratio) 


8% 




3-hydroxybutyric acid 


0% 




o-nyuroxyvaienc acia 


1% 




3-hydroxyhexanoic acid 


0% 




3-hydroxyheptanoic acid 


11% 




3-hydroxyoctanoic acid 


1 2% 




3-hydroxynonanoic acid 


34% 




3-hydroxydecanoic acid 


0% 




3-hydroxy-5-(4-fluorophenyl)valeric acid 


52% 




Table 7 






P. jesser -i strain P161 


OpII fDrv weiaht^ 


1 200mg/L 


Polymer (Dry weight) 


640mg/L 


Polymer (Dry weight)/Cell (Dry weight) Monomer Unit Composition (area ratio) 


53% 


3-hydroxybutyric acid 


1% 


3-hydroxyvaleric acid 


.1% 


3-hydroxyhexanoic acid 


0% 


3-hydroxyheptanoic acid 


17% 


3-hydroxyoctanoic acid 


.3% 


3-hydroxynonanoic acid 


45% 


3-hydroxydecanoic acid 


0% 


3-hydroxy-5-(4-fluorophenyl)va!eric acid 


33% 



Table 8 





Purified PHA 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


0% 


3-hydroxyvaleric acid 


0% 


3-hydroxyhexanoic acid 


0% 


3-hydroxyheptanoic acid 


0% 


3-hydroxyoctanoic acid 


0% 


3-hydroxynonanoic acid 


0% 


3-hydroxydecanoic acid 


0% 


3-hydroxy-5-(4-fluorophenyl)vaieric acid 


100% 



Table 9 



(Results of 1 H spectrometry) Resonance frequency: 400MHz 


5 (ppm) 


Assignment 


0.9 to 1.7 


broad peak -» impurity 


1.8 to 1.9 


m:2H, -CH 2 -> d 


2.4 to 2.6 


m:4H, -CH 2 x 2 -> b, e 
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Table 9 (continued) 



(Results of 1 H spectrometry) Resonance frequency: 400MHz 


5 (ppm) 


Assignment 


5.2 to 5.3 


m:1H, -OCH ^c 


6.9 to 7.0 


t:2H, proton at the ortho position of the F group -> h, j 


7.1 


t:2H, proton at the para position of the F group -> g, k 


7.3 


s:solvent (CDCI 3 ) 


mtmultiplet, t:triplet, s:singlet 



Table 10 



(Results of 13 C spectrometry ) Resonance frequency: 100MHz 


5 (ppm) 


Assignment 


31 .0 


-CH 2 -> d 


35.9 


-CH 2 -» e 


39.4 


-CH 2 -> b 


70.5 


-CH->c 


77.1 to 77.7 


Solvent (CDCI 3 ) 


115.5, 115.7 


-CH at the ortho position of the F group -> h, j 


130.0 


-CH at the meta position of the F group -> g, k 


136.8 


C at the para position of the F group -» f 


160.5, 163.0 


-C at the F substituent position i 


169.6 


carbonyl group -C=0 -» a 



Table 11 



(Results of 1 H-NMR spectrum identification (see Fig. 4)) 


Chemical Shift /ppm 


Integral /H 


type 


Identification 


1.85 


4 


m 


c,d 


2.46 


2 


t 


b 


3.95 


2 


t 


e 


6.83 


2 


m 


h.J 


6.97 


2 


t 


g.k 


10.15 




broad 


OH 


m:multiple, t:tripiet, d:doublet 



Table 12 



(Various microorganisms and the yields of produced PHA) 




CDW(mg/L) 


PDW(mg/L) 


PDW/CDW(%) 


strain P91 (Example 8) 


650 


50 


7.7 


strain YN2 1 (Example 9) 


1250 


755 


60.4 


strain P161 (Example 10) 


1150 


680 


59.1 
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Table 12 (continued) 



(Various microorganisms and the yields of produced PHA) 




CDW(mg/L) 


PDW(mg/L) 


PDW/CDW(%) 


strain H45 (Example 11) 


1150 


600 


52.2 


strain YN2 2 (Example 12) 


500 


240 


48.0 



10 



15 



20 



Table 13 



(Molecular weight of PHA produced by each microorganism) 





Mn(x 10 4 ) 


Mw(x 10 5 ) 


Mw/Mn 


strain P91 (Example 8) 


5.1 


1.0 


2.0 


strain YN2 1 (Example 9) 


8.8 


2.4 


2.7 


strain P161 (Example 10) 


6.8 


1.8 


2.7 


strain H45 (Example 11) 


8.8 


2.2 


2.5 


strain YN2 2 (Example 12) 


5.7 


1.4 


2.5 


Table 14 



25 


Dried cell (mg/L) 


Dried polymer (mg/L) 


Yield (polymer/cell, %) 


850 


110 


12.9 



Table 15 



30 



35 



3-hydroxyvaleric acid 



3-hydroxyheptanoic acid 
3-hydroxyoctanoic acid 
3-hydroxynonanoic acid 

3-hydroxy-5-(4-trifluomethylphenyl) valeric acid 



1 .4% 



29.3% 
3.2% 

64.6% 
1 .5% 



Table 16 



Dried cell (mg/L) 


Dried polymer (mg/L) 


Yield (polymer/cell, %) 


720 


29 


r 4.0 



Table 17 



45 


3-hydroxyvaleric acid 


0.6% 




3-hydroxyheptanoic acid 


21 .5% 




3-hydroxyoctanoic acid 


4.0% 




3-hydroxynonanoic acid 


70.5% 


50 


3-hydroxydecanoic acid 


1.1% 




3-hydroxy-5-(4-trifluomethylphenyl) valeric acid 


2.3% 



Table 18 



Carbon Source for growth 


D-glucose 


n-nonanoic acid 


Cell (Dry Weight) (mg/L) 


1300 


1000 
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Table 18 (continued) 



Cartoon Source for growth 


D-glucose 


n-nonanoic acid 


Polymer (Dry Weight) (mg/L) 


945 


570 


Polymer (Dry Weight) / Cell (Dry Weight) 


73% 


57% 


Monomer Unit Composition (area ratio) 






3-hydroxybutyric acid 




1% 


o-nyoroxyvaienc aciu 


0% 


1% i 


3-hydroxyhexanoic acid 


0% 


0% 


3-hydroxyheptanoic acid 


0% 


14% 


3-hydroxyoctanoic acid 


1% 


2% 


3-hydroxynonanoic acid 


0% 


70% 


3-hydroxydecanoic acid 


2% 


0% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


0% . 


0% 


3-hydroxy-5-phenylvaleric acid 


97% 


12% 


Table 19 


Carbon Source for growth 


D-glucose 


n-nonanoic acid 


Cell (Dry Weight) (mg/L) 


750 


800 


Polymer (Dry Weight) (mg/L) 


400 


385 


Polymer (Dry Weight) / Cell (Dry Weight) 


53% 


48% 


Monomer Unit Composition (area ratio) 






3-hydroxybutyric acid 


0% 


0% 


3-hydroxyvaleric acid 


0% 


0% | 


3-hydroxyhexanoic acid 


0% 


0% 


3-hydroxyheptanoic acid 


0% 


14% 


3-hydroxyoctanoic acid 


0% 


0% 


3-hydroxynonanoic acid 


0% 


76% 


3-hydroxydecanoic acid 


0% 


0% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


- 0% 


0% 


3-hydroxy-5-phenylvaleric acid 


100% 


10% 



Table 20 



Carbon Source for growth 


D-mannose 


D-fructose 


Cell (Dry Weight) (mg/L) 


780 


760 


Polymer (Dry Weight) (mg/L) 


452 


418 


Polymer (Dry Weight) / Cell (Dry Weight) 


58% 


55% 


Monomer Unit Composition (area ratio) 






3-hydroxybutyric acid 


0% 


0% 


3-hydroxyvaleric acid 


0% 


0% 


3-hydroxyhexanoic acid 


0% 


0% 


3-hydroxyheptanoic acid 


0% 


0% 


3-hydroxyoctanoic acid 


2% 


1% 


3-hydroxynonanoic acid 


0% 


0% 


3-hydroxydecanoic acid 


0% 


1% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


0% 


0% 
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Table 20 (continued) 



Carbon Source for growth 


D-mannose 


D-fructose 


3-hydroxy-5-phenylvaleric acid 


98% 


98% 



Table 21 



Carbon Source for growth 


D-glucose 


n-nonanoic acid 


Cell (Dry Weight) (mg/L) 


1150 


1180 


Polymer (Dry Weight) (mg/L) 


830 


752 


Polymer (Dry Weight) / Cell (Dry Weight) 


72% 


64% 


Monomer Unit Composition (area ratio) 






3-hydroxybutyric acid 


0% 


2% 


3-hydroxyvaleric acid 


0% 


1% 


3-hydroxyhexanoic acid 


6% 


0% 


3-hydroxyheptanoic acid 


0% 


17% 


3-hydroxyoctanoic acid 


1% 


3% 


3-hydroxynonanoic acid 


0% 


44% 


3-hydroxydecanoic acid 


3% 


0% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


0% 


0% 


3-hydroxy-5-phenylvaleric acid 


96% 


33% 



Table 22 



Carbon Source for growth 


D-glucose 


n-nonanoic acid 


Cell (Dry Weight) (mg/L) 


1250 


920 


Polymer (Dry Weight) (mg/L) 


900 


543 


Polymer (Dry Weight) / Cell (Dry Weight) 


72% 


59% 


Monomer Unit Composition (area ratio) 






3-hydroxybutyric acid 


0% 


0% 


3-hydroxyvaleric acid 


0% 


0% 


3-hydroxyhexanoic acid 


0% 


0% 


3-hydroxyheptanoic acid 


0% 


11% 


3-hydroxyoctanoic acid 


1% 


0% 


3-hydroxynonanoic acid 


0% 


80% 


3-hydroxydecanoic acid 


2% 


0% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


0% 


0% 


3-hydroxy-5-(4-fluorophenyi)valeric 


acid 97% 


9% 



Table 23 



Carbon Source for growth 


D-giucose 


n-nonanoic acid 


Cell (Dry Weight) (mg/L) 


1100 


900 


Polymer (Dry Weight) (mg/L) 


143 


119 


Polymer (Dry Weight) / Cell (Dry Weight) 


13% 


13% 


Monomer Unit Composition (area ratio) 


3-hydroxybutyric acid 


2% 


2% 


3-hydroxyvaleric acid 


0% 


1% 
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Table 23 (continued) 



Carbon Source for growth 


D-glucose 


n-nonanoic acid 


Monomer Unit Composition (area ratio) 


3-hydroxyhexanoic acid 


1% 


0% 


3-hydroxyheptanoic acid 


0% 


18% 


3-hydroxyoctanoic acid 


1% 


3% 


3-hydroxynonanoic acid 


0% 


48% 


.3-hydroxydecanoic acid 


0% 


0% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


0% 


0% 


3-hydroxy-6-phenylhexanoic acid 


96% 


28% 


Table 24 


Carbon Source for growth 


D-glucose 


n-nonanoic acid 


Cell (Dry Weight) (mg/L) 


685 


440 


Polymer (Dry Weight) (mg/L) 


137 


263 


Polymer (Dry Weight) / Cell (Dry Weight) 


20% 


60% 


Monomer Unit Composition (area ratio) 






3-hydroxybutyric acid 


0% 


0% 


3-hydroxyvaleric acid 


0% 


1% 


3-hydroxyhexanoic acid 


0% 


1% 


3-hydroxyheptanoic acid 


0% 


30% 


3-hydroxyoctanoic acid 


3% 


4% 


3-hydroxynonanoic acid 


0% 


62% 


3-hydroxydecanoic acid 


4%. 


1% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


1% 


1% 


3-hydroxy-4-phenoxybutyric acid 


92% 


0% 


Table 25 


Carbon Source for growth 


D-glucose 


n-nonanoic acid 


Cell (Dry Weight) (mg/L) 


450 


340 


Polymer (Dry Weight) (mg/L) 


18 


216 


Polymer (Dry Weight) / Cell (Dry Weight) 


4% 


64% 


Monomer Unit Composition (area ratio) 






3-hydroxybutyric acid 


0% 


0% 


3-hydroxyvaleric acid 


0% 


1% 


3-hydroxyhexanoic acid 


1% 


0% 


3-hydroxyheptanoic acid 


0% 


28% 


3-hydroxyoctanoic acid 


5% 


4% 


3-hydroxynonanoic acid 


0% 


67% 


3-hydroxydecanoic acid 


5% 


0% 


3-hydroxyundecanoic acid 


0% 


0% 


3-hydroxydodecanoic acid 


1% 


0% 


3-hydroxy-4-phenoxybutyric acid 


88% 


0% 
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Table 26 





Carbon Source for growth 


D-glucose 


n-nonanoic acid 


5 


Cell (Dry Weight) (mg/L) 


600 


400 




Polymer (Dry Weight) (mg/L) 


51 


144 




Polymer (Dry Weight) / Cell (Dry Weight) 


9% 


36% 




Monomer Unit Composition (area ratio) 


10 


3-hydroxybutyric acid 


3% 


0% 




3-hydroxyvaieric acid 


0% 


1% 




3-hydroxyhexanoic acid 


1% 


1% 




3-hydroxyheptanoic acid 


0% 


26% 




3-hydroxyoctanoic acid 


9% 


5% 


15 


3-hydroxynonanoic acid 


0% 


63% 




3-hydroxydecanoic acid 


11% 


2% 




3-hydroxyundecanoic acid 


0% 


0% 




3-hydroxydodecanoic acid 


0% 


0% 


20 


3-hydroxy-4-phenoxybutyric acid 


76% 


2% 




lauie d f 








Carbon Source for growth 




i l l lui id! ivjiU' aoivj 


25 


Cell (Dry Weight) (mg/L) 


1150 


900 




Polymer (Dry Weight) (mg/L) 


590 


420 




Polymer (Dry Weight) / Cell (Dry Weight) 


51% 


47% 




Monomer Unit Composition (area ratio) 






30 


3-hydroxybutyric acid 


1% 


0% 




3-hydroxyvaleric acid 


| 0% 


! 0% 




3-hydroxyhexanoic acid 


0% 


0% 




3-hydroxyheptanoic acid 


0% 


13% 


35 


3-hydroxyoctanoic acid 


0% 


5% 




3-hydroxynonanoic acid 


0% 


69% 




3-hydroxydecanoic acid 


10% 


0% 




3-hydroxyundecanoic acid 


0% 


0% 




3-hydroxydodecanoic acid 


0% 


0% 


40 


3-hydroxy-5-phenylvaleric acid 


89% 


13% 



Table 28 





CDW (mg/L) 


PDW (mg/L) 


Yield (%) 


(1)YE 


1225 


488 


39.8 


(2) BE 


600 


185 


30.8 


(3) CA 


950 


445 


46.8 


(4) PP 


1200 


755 * 


62.9 


CDW: Cell (Dry We 
PDW: Polymer (Dry 
Yield: PDW/CDW ( c 


ght) (mg/L) 
Weight) (mg/L) 

Yo) ! 
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Table 29 





CDW (mg/L) 


PDW (mg/L) 


Yield (%) 


(1)YE 


1100 


225 


20.5 


(2) PP 


1200 


850 


70.8 


CDW: Cell (Dry Weight) (mg/L) 




PDW: Polymer (Dry Weight) (mg/L) 


Yield: PDW/CDW (%) 





Table 30 





CDW (mg/L) 


PDW (mg/L) 


Yield (%) 


(1) YE 


1050 


205 


19.5 


(2) PP 


1000 


345 


34.5 


CDW: Cell (Dry Weight) (mg/L) 




PDW: Polymer (Dry Weight) (mg/L) 


Yield: PDW/CDW (%) 





Table 31 





CDW (mg/L) 


PDW (mg/L) 


Yield (%) 


(DYE 


750 


220 


29.3 


(2) SG 


700 


260 


37.1 


(3) CA 


900 


340 


37.7 


(4) PP 


1100 


450 


40.9 


CDW: Cell (Dry We 
PDW: Polymer (Dry 
Yield: PDW/CDW ( e 


ght) (mg/L) 
Weight) (mg/L) 

Yo) 



Table 32 





CDW (mg/L) 


PDW (mg/L) 


Yield (%) 


(1) YE 


950 


325 


34.2 


(2) SG 


750 


240 


32.0 


(3) BE 


450 


130 


28.9 


(4) PP 


1000 


450 


45.0 


CDW: Cell (Dry Weight) (mg/L) 
PDW: Polymer (Dry Weight) (mg/L) 
Yield: PDW/CDW (%) 



Table 33 



Identification results of the 1 H-NMR spectral patterns (cf. Fig. 14) 


Chemical shift (ppm) 


Identification 


2.80 


bl 


4.24 


d1 


5.50 


cl 


7.00 


M.J1 
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Table 33 (continued) 



Identification results of the 1 H-NMR spectral patterns (cf. Fig. 14) 


Chemical shift (ppm) 


Identification 


8.20 


gi.ii 



Table 34 



10 


Cell (Dry Weight) 


280 mg/L 




Polymer (Dry Weight) 


30 mg/L 




Polymer (Dry Weight) / Cell (Dry Weight) 


10.7% 




Ratio of monomer unit determined by NMR (mole ratio) 


15 


3HN0 2 PxB contained in PHA 


3.3 mol% 




Fatty acid-derived monomer unit composition (peak area ratio) 




3-hydroxybutyric acid 


9.3% 




3-hydroxyhexanoic acid 


2.0% 




3-hydroxyoctanoic acid 


12.2% 


20 


3-hydroxydecanoic acid 


47.9% 




3-hydroxydodecanoic acid 


15.7% 




3-hydroxydodecenoic acid 


12.9% 



25 

Table 35 





Cell (Dry Weight) 


250 mg/L 




Polymer (Dry Weight) 


30 mg/L 


30 


Polymer (Dry Weight) / Cell (Dry Weight) 


12.0% 


Ratio of monomer unit determined by NMR (mole ratio) 




3HNQ 2 PxB contained in PHA 


4.3 mol% 




Fatty acid-derived monomer unit composition (peak area ratio) 


35 


3-hydroxybutyric acid 


1 .3% 


3-hydroxyhexanoic acid 


0.0% 




3-hydroxyoctanoic acid 


12.6% 




3-hydroxydecanoic acid 


38.8% 




3-hydroxydodecanoic acid 


22.7% 


40 


3-hydroxydodecenoic acid 


24.6% 



Table 36 



Cell (Dry Weight) 

Polymer (Dry Weight) 

Polymer (Dry Weight) / Cell (Dry Weight) 


785 mg/L 
55 mg/L 

7.0% 


Ratio of monomer unit determined by NMR (mole ratio) 
3HNQ 2 PxB contained in PHA | 3.8 mol% 


Fatty acid-derived monomer unit composition (pe 
3-hydroxybutyric acid 
3-hydroxyhexanoic acid 
3-hydroxyoctanoic acid 
3-hydroxydecanoic acid 
3-hydroxydodecanoic acid 
3-hydroxydodecenoic acid 


ak area ratio) 
2.9% 
1 .5% 
12.1% 
40.0% 
14.7% 
28.8% 
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Table 37 



Identification results of 1 H-NMR spectral patterns (cf. Fig. 15) 


Chemical shift (ppm) 


Identification 


2.79 


b1 


4.18 


dl 


5.51 


cl 


6.98 


f1J1 


7.58 


gi,M 



Table 38 



15 


PHA production by Pseudomonas cichorii YN2 




Cell (Dry Weight) 

Polymer (Dry Weight) 

Polymer (Dry Weight) / Cell (Dry Weight) 


900 mg/L 
180 mg/L 
20.0% 


20 


Ratio of monomer unit determined by NMR (mole ratio) 




3HCNPxBA contained in PHA 


4.1 mol% 




Fatty acid-derived monomer unit composition (peak area ratio) 


25 
30 


3-hydroxybutyric acid 
3-hydroxyhexanoic acid 
3-hydroxyoctanoic acid 
3-hydroxydecanoic acid 
3-hydroxydodecanoic acid 
3-hydroxydodecenoic acid 


9.3% 
2.0% 
12.2% 
47.9% 
15.7% 
12.9% 




Table 39 




35 


PHA production by Pseudomonas cichorii H45 


Cell (Dry Weight) 

Polymer (Dry Weight) 

Polymer (Dry Weight) / Cell (Dry Weight) 


775 mg/L 
150 mg/L 
19.4% 


40 


Ratio of monomer unit determined by NMR (mole ratio) 


3HCNPxBA contained in PHA 


3.2 mol% 




Fatty acid-derived monomer unit composition (peak area ratio) 


45 


3-hydroxybutyric acid 
3-hydroxyhexanoic acid 
3-hydroxyoctanoic acid 
3-hydroxydecanoic acid 
3-hydroxydodecanoic acid 
3-hydroxydodecenoic acid 


70.5% 
1.0% 
10.3% 
13.4% 
2.3% 
2.6% 


50 


Table 40 






PHA production by Pseudomonas cichorii YN2 


55 


Cell (Dry Weight) 

Polymer (Dry Weight) 

Polymer (Dry Weight) / Cell (Dry Weight) 


930 mg/L 
200 mg/L 
21.5% 
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Table 40 (continued) 



Ratio of monomer unit determined by NMR (mole ratio) 


3HCNPxBA contained in PHA 


4.5 mol% 


Fatty acid-derived monomer unit composition (peak area ratio) 


3-hydroxybutyric acid 


12.5% 


3-hydroxyhexanoic acid 


2.0% 


3-hydroxyoctanoic acid 


12.2% 


3-hydroxydecanoic acid 


47.3% 


3-hydroxydodecanoic acid 


15.2% 


3-hydroxydodecenoic acid 


10,8% 



Table 41 



PHA production by Pseudomonas cichorii H45 


Cell (Dry Weight) 

Polymer (Dry Weight) 

Polymer (Dry Weight) / Cell (Dry Weight) 


750 mg/L 
135 mg/L 
18.0% 


Ratio of monomer unit determined by NMR (mole ratio) 


3HCNPxBA contained in PHA 


4.4 mol% 


Fatty acid-derived monomer unit composition (peak area ratio) 


3-hydroxybutyric acid 
3-hydroxyhexanoic acid 
3-hydroxyoctanoic acid 
3-hydroxydecanoic acid 
3-hydroxydodecanoic acid 
3-hydroxydodecenoic acid 


25.0% 
2.1% 
21.4% 
37.3% 
6.0% 
8.2% 



Table 42 



PHA production by Pseudomonas cichorii YN2 


Cell (Dry Weight) 


1 030 mg/L 


Polymer (Dry Weight) 


130 mg/L 


Polymer (Dry Weight) / Cell (Dry Weight) 


12.6% 


Ratio of monomer unit determined by NMR (mole ratio) 


3HCNPxBA contained in PHA 


7.2 mol% 


Fatty acid-derived monomer unit composition (peak area ratio) 


3-hydroxybutyric acid 


7.3% 


3-hydroxyhexanoic acid 


1.9% 


3-hydroxyoctanoic acid 


14.3% 


3-hydroxydecanoic acid 


48.2% 


3-hydroxydodecanoic acid 


12.8% 


3-hydroxydodecenoic acid 


15.5% 


Table 43 


PHA production by Pseudomonas cichorii H45 


Cell (Dry Weight) 


695 mg/L 
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Table 43 (continued) 



PHA production by Pseudomonas cichorii H45 


Polymer (Dry Weight) 

Polymer (Dry Weight) / Cell (Dry Weight) 


55 mg/L 
7.9% 


Ratio of monomer unit determined by NMR (mole ratio) 


3HCNPxBA contained in PHA 


2.6 mol% 


Fatty acid-derived monomer unit composition (peak area ratio) 


3-hydroxybutyric acid 
3-hydroxyhexanoic acid 
3-hydroxyoctanoic acid 
3-hydroxydecanoic acid 
3-hydroxydodecanoic acid 
3-hydroxydodecenoic acid 


2.3% 
1 .7% 
19.5% 
* 52.1% 
10.3% 
14.1% 



Table 44 



1 H-NMR Spectrum (cf. Fig. 16) 


Chemical shift (ppm) 


Integral value 


type 


Identification 


2.11 


2H 


quint 


CH 2 c 


2.59 


2H 


t 


CH 2 b 


3.97 


2H 


t 


CH 2 d 


6.82 


2H 


m 


9. ' 


6.95 


2H 


m 


M 


8.00 to 13.00 


1H 


br 


OH 


Table 45 



13 C-NMR Spectrum (cf. Fig. 17) 



Chemical shift (ppm) 


type 


Identification 


24.21 


s 


CH 2 c 


30.39 


s 


CH 2 b 


66.96 


s 


CH 2 d 


115.23 & 115.31 


d 


f, jorg, i 


115.56 & 115.79 


d 


f, jorg, i 


1 54.70 & 154.71 


d 


e 


155.97 & 158.33 


d 


h 


179.40 


s 


C=Oa 



Table 46 



PHA production containing 3HpFPxB unit by strain YN2 


Cell (Dry Weight) 


885 mg/L 


Polymer (Dry Weight) 


220 mg/L 


Polymer (Dry Weight) / Cell (Dry Weight) 


24.9 % 
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Table 46 (continued) 



PHA production containing 3HpFPxB unit by strain YN2 


Polymer Molecular Weight 


Mn = 42,400 Mw = 90,600 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


1 .8 % 


3-hydroxyhexanoic acid 


1 .0 % 


3-hydroxyoctanoic acid 


5.4 % 


3-hydroxydecanoic acid 


10.4% 


3-hydroxydodecanoic acid 


2.9 % 


3-hydroxydodecenoic acid 


5.9 % 


3-hydroxy-4-(4-fluorophenoxy)butyric acid 


72.6 % 



Table 47 



1 H-NMR Spectrum (cf. Fig. 19) 


Chemical shift (ppm) 


Identification 


2.76 


2H, CH 2 bl 


3.95 to 4.06 


2H, CH 2 d1 


5.46 


1H.CH cl 


6.71 to 6.90 


4H,-C 6 H 4 -f1,g1, i1,j1 



Table 48 



Production of PHA containing 3HpFPxB unit by culturing strain H45 


Cell (dry weight) 


640 mg/L 


Polymer (dry weight) 


90 mg/L 


Polymer (dry weight)/Cell (dry weight) 


14.0% 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


4.6% 


3-hydroxyhexanoic acid 


2.0% 


3-hydroxyoctanoic acid 


15.2% 


3-hydroxydecanoic acid 


19.8% 


3-hydroxydodecanoic acid 


4.0% 


3-hydroxydodecenoic acid 


7.4% 


3-hydroxy-4-(4-fluorophenoxy )butyric acid 


47.0% 


Table 49 


Production of PHA containing 3HpFPxB unit by culturing strain YN2 


Cell (dry weight) 


780 mg/L 


Polymer (dry weight) 


200 mg/L 


Polymer (dry weight)/Ceil (dry weight) 


25.6% 
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Table 49 (continued) 



Production of PHA containing 3HpFPxB unit by culturing strain YN2 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


0.3% 


3-hydroxyhexanoic acid 


0.8% 


3-hydroxyoctanoic acid 


3.9% 


3-hydroxydecanoic acid 


6.7% 


3-hydroxydodecanoic acid 


2.1% 


3-hydroxydodecenoic acid 


3.7% 


3-hydroxy-4-(4-fluorophenoxy)butyric acid 


82.5% 


Table 50 


Production of PHA containing 3HpFPxB unit by culturing strain H45 


Cell (dry weight) 


590 mg/L 


Polymer (dry weight) 


45 mg/L 


Polymer (dry weight)/Celt (dry weight) 


7.6% 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


0.2% 


3-hydroxyhexanoic acid 


1 .9% 


3-hydroxyoctanoic acid 


11.9% 


3-hydroxydecanoic acid 


12.1% 


3-hydroxydodecanoic acid 


2.2% 


3-hydroxydodecenoic acid 


5.0% 


3-hydroxy-4-(4-fluorophenoxy)butyric acid 


66.7% 


Table 51 


Production of PHA containing 3HpFPxB unit by culturing strain YN2 


Cell (dry weight) 


960 mg/L 


Polymer (dry weight) 


155 mg/L 


Polymer (dry weight)/Cell (dry weight) 


16.1% 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


0.5% 


3-hydroxyhexanoic acid 


1.0% 


3-hydroxyoctanoic acid 


8.9% 


3-hydroxydecanoic acid 


23.4% 


3-hydroxydodecanoic acid 


7.0% 


3-hydroxydodecenoic acid 


14.2% 


3-hydroxy-4-(4-fluorophenoxy)butyric acid 


45.0% 
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Table 52 



Production of PHA containing 3HpFPxB unit by culturing strain H45 


Cell (dry weight) 


545 mg/L ' 


Polymer (dry weight) 


30 mg/L 


Polymer (dry weight)/Cell (dry weight) 


5.5% 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


2.3% 


3-hydroxyhexanoic acid 


1 .6% 


3-hydroxyoctanoic acid 


15.6% 


3-hydroxydecanoic acid 


36.9% 


3-hydroxydodecanoic acid 


8.7% 


3-hydroxydodecenoic acid 


12.9% 


3-hydroxy-4-(4-fluorophenoxy)butyric acid 


22.0% 



Table 53 



1 H-NMR Spectrum (cf. Fig. 20) 


Chemical shift (ppm) 


Integral value 


type 


Identification 


2.11 


2H 


d, quint 


CH 2 c 


2.59 


2H 


t 


CH 2 b 


3.97 


2H 


t 


CH 2 d 


6.62 


3H 


m 


h, i,j 


7.21 


1H 


m 


f 


10.62 


1H 


br 


OH 



Table 54 



13 C-NMR Spectrum (cf. Fig. 21) 


Chemical shift (ppm) 


type 


Identification 


24.1 j 


s 


CH 2 c 


30.34 


s 


CH 2 b 


66.62 


s 


CH 2 d 


101 .23 & 102.19 


d 


f 


1 07.39 & 107.60 


d 


h 


110.08& 110.11 


d 


j 


130.04 & 130.14 


d 


i 


159.92 & 160.03 


d 


e 


1 62.29 & 164.73 


d 


9 


179.19 


s 


C=Oa 
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Table 55 



PHA production containing 3HmFPxB unit by strain YN2 


Cell (Dry Weight) 


745 ma/L 


Polymer (Dry Weight) 


on mn/l 


Polymer (Dry Weight) / Cell (Dry Weight) 


i A 7 o/ 


Polymer Molecular Weight 


Mn = 34,500 
Mw = 75,200 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


1 .2 % 


3-hydroxyhexanoic acid 


1.0% ! 


3-hydroxyoctanoic acid 


6.5 % 


3-hydroxydecanoic acid 


9.5 % 


3-hydroxydodecanoic acid 


3.5 % 


3-hydroxydodecenoic acid 3-hydroxy-4-(3-fluorophenoxy)butyric acid 


5.9 % 
72.5% 



Table 56 



1 H-NMR Spectrum (cf. Fig. 23) 


Chemical shift (ppm) 


Identification 


2.75 


2H, CH 2 b1 


4.00 


2H, CH 2 d1 


5.48 


1H, CH d 


6.52 to 6.62 


3H, hi, h, j1 


7.26 


3H, (1 



Table 57 



PHA production containing 3HmFPxB unit by strain H45 


Cell (Dry Weight) 


630 mg/L 


Polymer (Dry Weight) 


45 mg/L 


Polymer (Dry Weight) / Cell (Dry Weight) 


7.1 % 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


3.7% 


3-hydroxyhexanoic acid 


2.2 % 


3-hydroxyoctanoic acid 


21 .0 % 


3-hydroxydecanoic acid 


29.2 % 


3-hydroxydodecanoic acid 


8.2 % 


3-hydroxydodecenoic acid 


10.1 % 


3-hydroxy-4-(3-fluorophenoxy)butyric acid 


25.6 % 
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Table 58 



PHA production containing 3HmFPxB unit by strain H45 


Cell (Dry Weight) 


515mg/L 


Polymer (Dry Weight) 


40 mg/L 


Polymer (Dry Weight) / Cell (Dry Weight) 


7.8 % 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


3.0 % 


3-hydroxyhexanoic acid 


2.0 % 


3-hydroxyoctanoic acid 


16.8% 


3-hydroxydecanoic acid 


16.8% 


3-hydroxydodecanoic acid 


4.7 % 


3-hydroxydodecenoic acid 


7.4 % 


3-hydroxy-4-(3-fluorophenoxy)butyric acid 


49.3 % 


Table 59 


PHA production containing 3HmFPxB unit by strain YN2 


Cell (Dry Weight) 


900 mg/L 


Polymer (Dry Weight) 


90 mg/L 


Polymer (Dry Weight) / Cell (Dry Weight) 


10.0% 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


20.1 % 


3-hydroxyhexanoic acid 


1 .5 % 


3-hydroxyoctanoic acid 


9.8% 


3-hydroxydecanoic acid 


15.5% 


3-hydroxydodecanoic acid 


5.5 % 


3-hydroxydodecenoic acid 


9.7 % 


3-hydroxy-4-(3-fluorophenoxy)butyric acid 


37.9 % 


Table 60 


PHA production containing 3HmFPxB unit by strain H45 


Cell (Dry Weight) 


565 mg/L 


Polymer (Dry Weight) 


25 mg/L 


Polymer (Dry Weight) / Cell (Dry Weight) 


4.4 % 


Monomer Unit Composition (area ratio) 




3-hydroxybutyric acid 


4.2 % 


3-hydroxyhexanoic acid 


1.9% 


3-hydroxyoctanoic acid 


17.8% 


3-hydroxydecanoic acid 


38.0 % 


3-hydroxydodecanoic acid 


9.5 % 
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Table 60 (continued) ( 




PHA production containing 3HmFPxB unit by strain H45 


3-hydroxydodecenoic acid 


13.8% 


3-hydroxy-4-(3-fluorophenoxy)butyric acid 


14.8 % 


Table 61 






Cell (Dry Weight) (mg/L) 

Polymer (Dry Weight) (mg/L) 

Number Average Molecular Weight (Mn) x 10 4 

Weight Average Molecular Weight (Mw) x 10 4 

3-hydroxybutyric acid (%) 

3-hydroxy-5-(4-fluorophenoxy)valeric acid (%) 


665 
105 
1.6 
3.7 
75.2 
24.8 


Table 62 






Cell (Dry Weight) (mg/L) 

Polymer (Dry Weight) (mg/L) 

Number Average Molecular Weight (Mn) x 10 4 

Weight Average Molecular Weight (Mw) x 10 4 

3-hydroxybutyric acid (%) 

3-hydroxy-5-(4-fluorophenyl)valeric acid (%) 


1120 
625 
4.8 
9.9 
17.4 
82.6 


Table 63 






Cell (Dry Weight) (mg/L) 

Polymer (Dry Weight) (mg/L) 

Number Average Molecular Weight (Mn) x 10 4 

Weight Average Molecular Weight (Mw) x 10 4 

3-hydroxyoctanoic acid (%) 

3-hydroxydecanoic acid (%) 

3-hydroxy-5-(4-fluorophenoxy)valeric acid (%) 


835 
395 
5.2 
14.9 
10.6 
9.5 
79.9 


Table 64 






Cell (Dry Weight) (mg/L) 

Polymer (Dry Weight) (mg/L) 

Number Average Molecular Weight (Mn) x 10 4 

Weight Average Molecular Weight (Mw) x 10 4 

3-hydroxyoctanoic acid (%) 

3-hydroxydecanoic acid (%) 

3-hydroxy-5-(4-fluorophenoxy)vateric acid (%) 


1450 
1010 
6.0 
14.8 
2.8 
2.7 
94.5 


Table 65 






Cell (Dry Weight) (mg/L) 

Polymer (Dry Weight) (mg/L) 

Number Average Molecular Weight (Mn) x 10 4 

Weight Average Molecular Weight (Mw) x 10 4 

3-hydroxyoctanoic acid (%) 

3-hydroxydecanoic acid (%) 


1605 
760 
4.6 
12.6 
0.5 
0.4 
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Table 65 (continued) 


3-hydroxy-5-(4-fluorophenyl)valeric acid (%) 


90.0 


3-hydroxy-5-(4-fluorophenoxy)valeric acid (%) 


9.1 


Table 66 


Cell (Dry Weight) (mg/L) 


1200 


Polymer (Dry Weight) (mg/L) 


500 


Number Average Molecular Weight (Mn) x 10 4 


2.2 


Weight Average Molecular Weight (Mw) x 1 0 4 


4.9 


3-hydroxybutyric acid (%) 


3.4 


3-hydroxyoctanoic acid (%) 


0.3 


3-hydroxydecanoic acid (%) 


0.5 


3-hydroxy-5«phenoxyvaleric acid (%) 


34.1 


3-hydroxy-7-phenoxyheptanoic (%) 


51.1 


3-hydroxy-9-phenoxynonanoic acid (%) 


10.6 


Table 67 


Cell (Dry Weight) (mg/L) 


1305 


Polymer (Dry Weight) (mg/L) 


765 


Number Average Molecular Weight (Mn) x 10 4 


5.0 


Weight Average Molecular Weight (Mw) x 1 0 4 


11.6 


3-hydroxybutyric acid (%) 


0.1 


3-hydroxyhexanoic acid (%) 


0.3 


3-hydroxyoctanoic acid (%) 


3.0 


3-hydroxydecanoic acid (%) 


5.2 


3-hydroxydodecanoic acid (%) 


1.6 


3-hydroxydodecenoic acid (%) 


2.0 


3-hydroxy-5-phenoxyvaleric acid (%) 


40.7 


3-hydroxy-7-phenoxyheptanoic (%) 


40.4 


3-hydroxy-9-phenoxynonanoic acid (%) 


6.7 


Table 68 


Cell (Dry Weight) (mg/L) 


1085 


Polymer (Dry Weight) (mg/L) 


585 


Number Average Molecular Weight (Mn) x 10 4 


4.0 


Weight Average Molecular Weight (Mw) x 10 4 


8.9 


3-hydroxybutyric acid (%) 


0.4 


3-hydroxyhexanoic acid (%) 


0.3 


3-hydroxyoctanoic acid (%) 


3.2 


3-hydroxydecanoic acid (%) 


5.1 


3-hydroxydodecanoic acid (%) 


1.1 


3-hydroxydodecenoic acid (%) 


0.9 


3-hydroxy-5-phenoxyvaleric acid (%) 


43.0 


3-hydroxy-7-phenoxyheptanoic (%) 


43.9 


3-hydroxy-9-phenoxynonanoic acid (%) 


2.1 


Table 69 


Cell (Dry Weight) (mg/L) 


1100 
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Table 69 (continued) 


Polymer (Dry Weight) (mg/L) 


440 


Number Average Molecular Weight (Mn) x 10 4 


4.0 


Weight Average Molecular Weight (Mw) x 1 0 4 


7.4 


3-hydroxybutyric acid (%) 


16.4 


3-hydroxy-4-phenoxybutyric acid (%) 


13.4 


3-hydroxy-6-phenoxyhexanoic acid (%) 


67.9 


3-hydroxy-8-phenoxyoctanoic acid {%) 


2.3 


Table 70 


Cell (Dry Weight) (mg/L) 


860 


Polymer (Dry Weight) (mg/L) 


190 


Number Average Molecular Weight (Mn) x 10 4 


3.4 


Weight Average Molecular Weight (Mw) x 10 4 


6.8 


3-hydroxybutyric acid (%) 


0.2 


3-hydroxy-4-phenoxybutyric acid (%) 


5.1 


3-hydroxy-6-phenoxyhexanoic acid (%) 


82.9 


3-hydroxy-8-phenoxyoctanoic acid (%) 


11.8 


Table 71 


Cell (Dry Weight) (mg/L) 


1405 


Polymer (Dry Weight) (mg/L) 


700 


Number Average Molecular Weight (Mn) x 10 4 


4.9 


Weight Average Molecular Weight (Mw) x 10 4 


10.7 


3-hydroxybutyric acid (%) 


4.8 


3-hydroxyoctanoic acid (%) 


1.2 


3-hydroxydecanoic acid (%) 


0.5 


3-hydroxy-4-phenoxybutyric acid (%) 


7.8 


3-hydroxy-6-phenoxyhexanoic acid (%) 


74.8 


3-hydroxy-8-phenoxyoctanoic acid (%) 


10.9 


Table 72 


Cell (Dry Weight) (mg/L) 


1255 


Polymer (Dry Weight) (mg/L) 


560 


Number Average Molecular Weight (Mn) x 10 4 


4.8 


Weight Average Molecular Weight (Mw) x 10 4 


9.7 


3-hydroxybutyric acid (%) 


0.2 


3-hydroxyhexanoic acid (%) 


0.1 


3-hydroxyoctanoic acid (%) 


0.9 


3-hydroxydecanoic acid (%) 


0.9 


3-hydroxydodecanoic acid (%) 


0.1 


3-hydroxydodecenoic acid (%) 


0.2 


3-hydroxy-4-phenoxybutyric acid (%) 


2.5 


3-hydroxy-6-phenoxyhexanoic acid (%) 


82.8 


3-hydroxy-8-phenoxyoctanoic acid (%) 


12.3 


Table 73 


Cell (Dry Weight) (mg/L) 


995 
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Table 73 (continued) 


Polymer (Dry Weight) (mg/L) 




505 


Number Average Molecular Weight (Mn) x 


10 4 


4.6 


Weight Average Molecular Weight (Mw) x 10 4 


9.2 


3-hydroxybutyric acid (%) 




1.4 


3-hydroxyoctanoic acid (%) 




0.1 


3-hydroxydecanoic acid (%) 




0.2 


3-hydroxy-5-phenoxyvaleric acid (%) 




29.7 


3-hydroxy-7-phenoxyheptanoic acid (%) 




68.6 


Table 74 


Cell (Dry Weight) (mg/L) 




815 


Polymer (Dry Weight) (mg/L) 




270 


Number Average Molecular Weight (Mn) x 


10 4 


3.3 


Weight Average Molecular Weight (Mw) x 


10 4 


6.4 


3-hydroxybutyric acid (%) 




1.2 


3-hydroxy-5-phenoxyvaleric acid (%) 




26.7 


3-hydroxy-7-phenoxyheptanoic acid (%) 




72.1 


Table 75 


Cell (Dry Weight) (mg/L) 




1520 


Polymer (Dry Weight) (mg/L) 




860 


Number Average Molecular Weight (Mn) x 10 4 


6.1 


Weight Average Molecular Weight (Mw) x 10 4 


13.0 


3-hydroxybutyric acid (%) 




0.1 


3-hydroxyhexanoic acid (%) 




0.4 


3-hydroxyoctanoic acid (%) 




3.5 


3-hydroxydecanoic acid (%) 




4.1 


3-hydroxydodecanoic acid (%) 




1.1 


3-hydroxydodecenoic acid (%) 




3.1 


3-hydroxy-5-phenoxyvateric acid (%) 




55.0 


3-hydroxy-7-phenoxyheptanoic acid (%) 




32.7 


Table 76 


Cell (Dry Weight) (mg/L) 




1305 


Polymer (Dry Weight) (mg/L) 




685 


Number Average Molecular Weight (Mn) x 10 4 


4.1 


Weight Average Molecular Weight (Mw) x 10 4 


8.8 


3-hydroxyhexanoic acid (%) 




0.1 


3-hydroxyoctanoic acid (%) 




1.3 


3-hydroxydecanoic acid (%) 




1.8 


3-hydroxydodecanoic acid (%) 




0.4 


3-hydroxydodecenoic acid (%) 




0.6 


3-hydroxy-5-phenoxyvaleric acid (%) 




36.1 


3-hydroxy-7-phenoxyheptanoic acid (%) 




59.7 


Table 77 


Cell (Dry Weight) (mg/L) 


890 
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Table 77 (continued) 


Polymer (Dry Weight) (mg/L) 


420 


Number Average Molecular Weight (Mn) x 10 4 


9.7 


Weight Average Molecular Weight (Mw) x 10 4 


29.7 


3-hydroxybutyric acid (%) 


0.2 


3-hydroxyhexanoic acid (%) 


0.3 


3-hydroxyoctanoic acid (%) 


2.4 


3-hydroxydecanoic acid (%) 


3.3 


3-hydroxydodecanoic acid (%) 


0.7 


3-hydroxydodecenoic acid (%) 


1.5 


3-hydroxy-5-phenoxyvaleric acid (%) 


91.6 


Table 78 


Cell (Dry Weight) (mg/L) 


910 


Polymer (Dry Weight) (mg/L) 


390 


Number Average Molecular Weight (Mn) x 10 4 


9.1 


Weight Average Molecular Weight (Mw) x 10 4 


21.4 


3-hydroxyhexanoic acid (%) 


0.2 


3-hydroxyoctanoic acid (%) 


2.2 


3-hydroxydecanoic acid (%) 


4.9 


3-hydroxydodecanoic acid (%) 


0.8 


3-hydroxydodecenoic acid (%) 


1.5 


3-hydroxy-5-phenoxyvaleric acid (%) 


90.4 


Table 79 


Cell (Dry Weight) (mg/L) 


1400 


Polymer (Dry. Weight) (mg/L) 


935 


Number Average Molecular Weight (Mn) x 10 4 


6.2 


Weight Average Molecular Weight (Mw) x 10 4 


14.0 


3-hydroxyoctanoic acid (%) 


0.6 


3-hydroxydecanoic acid (%) 


- 0.7 


3-hydroxy-5-phenylvale~ric acid (%) 


98.7 


Table 80 


Cell (Dry Weight) (mg/L) 


1350 


Polymer (Dry Weight) (mg/L) 


955 


Number Average Molecular Weight (Mn) x 10 4 


6.1 


Weight Average Molecular Weight (Mw) x 10 4 


13.8 


3-hydroxyoctanoic acid (%) 


1.9 


3-hydroxy-5-phenylvaleric acid (%) 


98.1 


Table 81 


Cell (Dry Weight) (mg/L) 


2050 


Polymer (Dry Weight) (mg/L) 


1310 


Number Average Molecular Weight (Mn) x'10 4 


6.3 


Weight Average Molecular Weight (Mw) x 1 0 4 


13.9 


3-hydroxybutyric acid (%) 


7.5 


3-hydroxyoctanoic acid (%) 


0.8 
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Table 81 (continued) 



3-hydroxydecanoic acid (%) 
3-hydroxy-5-phenylvaleric acid (%) 



0.8 
90.6 



Table 82 



10 



15 



Production of Polyhydroxyalkanoate by Using strain YN2 




Polymer Yield (mg/L) 


3-hydroxy-4-phenoxy-n-butyric acid unit ratio 


Disodium malate 
Sodium L-glutamate 
D(+)-glucose 
n-nonanoic acid 
Polypeptone 


20 
13 
8 

440 
17 


96.6 % 
8.9 % 

98.4 % 
ND 

43.5 % 


"GC-MS, TIC pea 


k area ratio, ND not detected. 



Table 83 



20 



25 



30 



35 



Production of Polyhydroxyalkanoate by Using strain YN2 


Cell (Dry Weight) (mg/L) 


290 


Polymer (Dry Weight) (mg/L) 


20 


Monomer Unit Composition (peak area ratio) 




3-hydroxybutyric acid 


0.1 % 


3-hydroxyhexanoic acid 


0.2% 


3-hydroxyoctanoic acid 


1.1 % 


3-hydroxynonanoic acid 


0.1 % 


3-hydroxydecanoic acid 


0.9 % 


3-hydroxydodecanoic acid 


0.2 % 


3-hydroxydodecenoic acid 


0.5% 


3-hydroxy-4-phenoxy-n-butyric acid 


96.9 % 



[0541] A polyhydroxyalkanoate having a monomer unit composition represented by General Formula (1): 



A m B (1-m) 



0) 



40 



wherein A is represented by General Formula (2), B is at least one selected from the group consisting of monomer 
units represented by General Formula (3) or (4), and m has a value of 0.01 or larger and smaller than 1 : 



45 



50 



55 
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(2) 



(CH ? )k 



I 

10 || 

CH 
I 



15 




(3) (4) 



20 wherein 



n has a value of 0 to 10, k has a value of 3 or 5, and 

R is at least one group selected from the group consisting of groups represented by General Formulae (5) to (7): 






in Formula (5) 

40 R1 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and q is an integer selected from 1 to 8; 
in Formula (6) 

R2 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and r is an integer selected from 1 to 8; 
45 in Formula (7) 

R3 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 

-C 3 F 7 ; and s is an integer selected from 1 to 8. 

[0542] The efficient production methods are also provided. 



Claims 

1 . A polyhydroxyalkanoate having a monomer unit composition represented by General Formula (1 ): 

A m B (1 . m) (D 
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wherein A is represented by General Formula (2), B is at least one selected from the group consisting of 
monomer units represented by General Formula (3) or (4), and m has a value of 0.01 or larger and smalter than 1 : 



R 0 

(2) 

(CH 2 )k 

CH 
If 




wherein 

n has a value of 0 to 1 0, k has a value of 3 or 5, and 

R is at least one group selected from the group consisting of groups represented by General Formulae (5) to (7): 




(5) (6) (7) 



in Formula (5) 

R1 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -NG> 2 , -CF 3) -C 2 F 5 
and -C 3 F 7 ; and q is an integer selected from 1 to 8; 
in Formula (6) 

R2 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 
and -C 3 F 7 ; and r is an integer selected from 1 to 8; 
in Formula (7) 

R3 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 
and -C 3 F 7 ; and s is an integer selected from 1 to 8; 

provided that following R are excluded from the choice: 

when selecting one type of group as R in the general formula (2): 

groups of Formula (5) in which R1 is H and q = 2, R1 is H and q = 3, and R1 is -N0 2 and q = 2; 

groups of Formula (6) in which R2 is a halogen atom and r = 2, provided that two components are selected 
as B from General Formula (3) or (4), R2 is -CN and r = 3, and R2 is -NQ 2 and r = 3; and the groups of Formula 
(7) in which R3 is H and s = 1 , and R3 is H and s = 2; and 

when selecting two types of groups as R in General Formula (2), the combinations of two types of groups of 
Formula (6) in which R2 is a halogen atom and r = 2, and R2 is a halogen atom and r = 4, provided that one 
component is selected as B from General Formula (3) or (4). 
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A polyhydroxyalkanoate comprising 3-hydroxy-5-(4-fluorophenyl)valeric acid of Formula (8) as a monomer unit. 




A polyhydroxyalkanoate comprising 3-hydroxy-5-(4-trifluoromethylphenyl)valeric acid of Formula (9) as a monomer 
unit. 




A polyhydroxyalkanoate comprising 3-hydroxy-4-(4-nitrophenoxy)butyric acid of Formula (1 0) as a monomer unit. 




A polyhydroxyalkanoate comprising 3-hydroxy-4-(4-cyanophenoxy)butyric acid of Formula (1 1 ) as a monomer unit. 
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CN 




A polyhydroxyalkanoate comprising 3-hydroxy-4-(4-fluorophenoxy)butyric acid of Formula (1 2) as a monomer unit. 



F 




0 

(12) 

A polyhydroxyalkanoate comprising 3-hydroxy-4-(3-f luorophenoxy)butyric acid of Formula (1 3) as a monomer unit. 




(13) 

The polyhydroxyalkanoate according to claim 1 , comprising 3-hydroxy-4-phenoxybutyric acid of Formula (14) as 
a monomer unit. 
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(14) 



9. The polyhydroxyalkanoate according to claim 1 , comprising 3-hydroxy-5-phenoxyvaleric acid of Formula (15) as 
a monomer unit. 





(15) 



10. The polyhydroxyalkanoate according to claim 1 , comprising 3-hydroxy-5-(4-fluorophenoxy)valeric acid of Formula 
(16) as a monomer unit, the monomer unit not being a 3-component-system. 





(16) 



11. A polyhydroxyalkanoate comprising 3-hydroxy-5-(4-fluorophenyl)valeric acid of Formula (8) and 3-hydroxy-5- 
(4-fluorophenoxy)valeric acid of Formula (16) as monomer units. 
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12. The polyhydroxyalkanoate according to claim 1 , comprising 3-hydroxy-5-phenoxyvaleric acid of Formula (15) and 
3-hydroxy-7-phenoxyheptanoicacid of Formula (17) as monomer units. 




(17) 



13. The polyhydroxyalkanoate according to claim 1, comprising 3-hydroxy-4-phenoxybutyric acid of Formula (14), 
3-hydroxy-6-phenoxyhexanoic acid of Formula (18), and 3-hydroxy-8-phenoxyoctanoic acid of Formula (19) as 
monomer units. 





(14) 
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1 4. The polyhydroxyalkanoate according to claim 1 , comprising 3-hydroxy-5-phenoxyvaleric acid of Formula (1 5), 3-hy- 
droxy-7-phenoxyheptanoic acid of Formula (1 7), and 3-hydroxy-9-phenoxynonanoic acid of Formula (20) as mon- 
omer units. 





(15) 




15. The polyhydroxyalkanoate according to any one of claims 1 to 14, wherein the number average molecular weight 
is 10000 to 200000. 
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16. 5-(4-trifluoromethylphenyl)valeric acid of Formula 21. 




(21) 

17. A process of producing a polyhydroxyalkanoate, comprising a step of culturing a microorganism capable of syn- 
thesizing a polyhydroxyalkanoate of which monomer unit is represented by Formula (1) from an alkanoate in a 
medium containing the alkanoate: 

A m B (1 . m) (1) 

wherein A is represented by General Formula (2), B is at least one selected from the group consisting of 
monomer units represented by General Formula (3) or (4), and m is 0.01 or larger and smaller than 1 , 

R 0 



(2) 



CH, 

(CH 2 )k 

CH 
I! 



CH, CH 



I 

CH 0 



(3) (4) 



wherein 



n is an integer selected from 0 to 1 0, k is 3 or 5, and 

R is at least one group selected from the group consisting of the groups represented by General Formulae 
(5) to (7): 
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R2 




(5) (6) (7) 

in Formula (5) 

R1 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 
and -C 3 F 7 ; and q is an integer selected from 1 to 8; 
in Formula (6) 

R2 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 
and -C 3 F 7 ; and r is an integer selected from 1 to 8; 
in Formula (7) 

R3 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 
and -C 3 F 7 ; and s is an integer selected from 1 to 8; . 

provided that following R are excluded from the choice: 

when selecting one type of group as R in General Formula (2): 

groups of Formula (5) in which R1 is H and q = 2, R1 is H and q = 3, and R1 is -N0 2 and q = 2; the groups 
of Formula (6) in which R2 is a halogen atom and r = 2, R2 is -CN and r = 3, and R2 is -N0 2 and r = 3; and 
groups of Formula (7) in which R3 is H and s = 1 , and R3 is H and s = 2; and 
when selecting two types of groups as R in General Formula (2), 
groups of Formula (6) in which R2 is a halogen atom and r = 2. 

1 8. A process of producing polyhydroxyalkanoate, comprising a step of culturing a microorganism capable of producing 
the polyhydroxyalkanoate utilizing alkanoate in a medium containing the alkanoate and a saccharide. 

19. The process according to claim 1 8, wherein the alkanoate is represented by Formula (22) and the polyhydroxyal- 
kanoate comprises a monomer unit of Formula (23): 



.OH 



0 (22) 

wherein R is at least one group selected from the group consisting of groups of Formula (24): 



R4 

(GH,)t 
1 (24) 

wherein 

R4 represents a substituted or unsubstituted phenyl group, a substituted or unsubstituted phenoxy group, or a 
substituted or unsubstituted cyclohexyl group, and t is an integer of 1 to 8 independently; 
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5 




wherein R' is at least one group selected from the group consisting of the selected R and groups represented by 
Formu la (24) where R 4 is the same as the selected R but t is shorter by multiply of 2 than t of the selected R and not 0. 

10 

20. The process according to claim 1 8 ; wherein the microorganism is cultured in one step in a medium containing the 
alkanoate of Formula (22) and a saccharide. 

21 . The process according to claim 1 8, wherein the microorganism is cultured in at least two steps: one is in a medium 
is containing the alkanoate of Formula (22) and a saccharide and the subsequent one is in a medium containing the 

alkanoate of Formula (22) and a saccharide with nitrogen source limitation. 

22. The process according to claim 18, wherein the microorganism is cultured by inoculating the microorganism pre- 
cultured in a medium containing a saccharide. 

20 

23. The process according to claim 18, wherein the saccharide is at least one selected from the group consisting of 
glucose, fructose and mannose. 

24. A process of producing polyhydroxyalkanoate, comprising a step of culturing a microorganism capable of producing 
25 a polyhydroxyalkanoate utilizing an alkanoate in a medium containing the alkanoate and a polypeptone. 

25. The process according to claim 24, wherein the alkanoate is represented by Formula (22) and the polyhydroxyal- 
kanoate comprises a monomer unit of Formula (23): 



30 



35 




wherein R is at least one group selected from the group consisting of the groups of Formula (24): 



40 R4 

<CH z )t 
1 (24) 

45 

wherein 

R4 represents a substituted or unsubstituted phenyl group, a substituted or unsubstituted phenoxy group, or a 
substituted or unsubstituted cyclohexyl group, and t is an integer of 1 to 8 independently 

R" 



(23) 

55 

wherein R* is at least one group selected from the group consisting of the selected R and groups represented 
by Formula (24) where R 4 is the same as the selected R but t is shorter by multiply of 2 than t of the selected R 
and not 0. 
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26. The process according to claim 24 ; wherein the microorganism is cultured in one step in a medium containing the 
alkanoate of Formula (22) and polypeptone. 

27. The process according to claim 24, wherein the microorganism is cultured in at least two steps: one is in a medium 
containing an alkanoate represented by Formula (22) and polypeptone, and the subsequent one is in a medium 
containing the alkanoate with nitrogen source limitation. 

28. A process of producing polyhydroxyalkanoate comprising a step of culturing a microorganism capable of producing 
a polyhydroxyalkanoate utilizing an alkanoate in a medium containing the alkanoate and an organic acid involved 
in TCA cycle. 

29. The process according to claim 28, wherein the alkanoate is represented by Formula (22) and the polyhydroxyal- 
kanoate comprises a monomer unit represented by Formula (23): 



<0H 



0 (22) 



wherein R is at least one group selected from the group consisting of groups of Formula (24): 



R4 

(ciyt 



(24) 



wherein R4 represents a substituted or unsubstituted phenyl group, a substituted or unsubstituted phenoxy 
group, or a substituted or unsubstituted cyclohexyl group, and t is an integer of 1 to 8 independently; 




wherein R* is at least one group selected from the group consisting of the selected R and groups represented 
by Formula (24) where R 4 is the same as the selected R but t is shorter by multiply of 2 than t of the selected R 
and not 0. 

30. The process according to claim 28, wherein the microorganism is cultured in one step in the medium containing 
the alkanoate of Formula (22) and an organic acid involved in TCA cycle. 

31 . The process according to claim 23, wherein the microorganism is cultured in at least two steps: one is in a medium 
containing an alkanoate of Formula (22) and an organic acid involved in TCA cycle and the subsequent one is in 
a medium containing the alkanoate of Formula (22) and an organic acid involved in TCA cycle with nitrogen source 
limitation. 

32. The process according to claim 28, wherein the organic acid involved in TCA cycle is at least one selected from 
the group consisting of lactic acid, pyruvic acid, citric acid, succinic acid, fumaric acid, malic acid and salts thereof. 

33. A process of producing polyhydroxyalkanoate, wherein the a microorganism is cultured in at least two steps: one 
is in a medium containing an alkanoate and a polypeptone and the subsequent one is in a medium containing the 
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alkanoate and pyruvic acid or salt thereof with nitrogen source limitation. 

34. The process according to claim 33, wherein the alkanoate is represented by Formula (22) and the polyhydroxyal- 
kanoate comprises a monomer unit of Formula (23): 



.OH 



0 (22) 



wherein 

R is at least one group selected from the group consisting of the groups of Formula (24): 



R4 

(CH 2 )t 
1 (24) 



wherein 

R4 represents a substituted or unsubstituted phenyl group, a substituted or unsubstituted phenoxy group, or a 
substituted or unsubstituted cyclohexyl group, and t is an integer of 1 to 8 independently; 




(23) 

wherein R' is at least one group selected from the group consisting of the selected R and groups represented 
by Formula (24) where R 4 is the same as the selected R but t is shorter by multiply of 2 than t of the selected R 
and not 0. 

35. The process of producing polyhydroxyalkanoate according to any* one of claims 17, 18, 24, 28 and 33, wherein 
the microorganism belongs to Pseudomonas sp. 

36. The process according to claim 35, wherein the microorganism is at least one strain selected from the group 
consisting of Pseudomonas cichorii YN2, FERM BP-7375; Pseudomonas cichorii H45, FERM BP-7374; Pseu- 
domonas putida P91 , FERM BP-7373; and Pseudomonas jessenii P161 , FERM BP-7376. 

37. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (8) according to any one 
of claims 1 7, 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxy- 
alkanoate comprising a monomer unit of 3-hydroxy-5-(4-fluorophenyl)valeric acid utilizing 5-(4-f luorophenyl)valeric 
acid in a medium containing 5-(4-fluorophenyl)valeric acid of Formula (25). 
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F 




38. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (9) according to any one 
of claims 1 7, 1 8, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxy- 
alkanoate comprising a monomer unit of 3-hydroxy-5-(4-trifluoromethylphenyl)valeric acid utilizing 5-(4-trifluor- 
omethylphenyl)valeric acid in a medium containing 5-(4-trifluoromethylphenyl)valeric acid of Formula (21). 




39. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (1 0) according to any one 
of claims 1 7, 1 8, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxy- 
alkanoate comprising a monomer unit of 3-hydroxy-4-(4-nitrophenoxy)butyric acid utilizing 4-(4-nitrophenoxy)bu- 
tyric acid in a medium containing 4-(4-nitrophenoxy)butyric acid of Formula (26). 




(10) (26) 



40. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (11) according to any one 
of claims 17,18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxy- 
alkanoate comprising a monomer unit of 3-hydroxy-4-(4-cyanophehoxy)butyric acid utilizing 4-(4-cyanophenoxy) 
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butyric acid in a medium containing 4-(4-cyanophenoxy)butyric acid of Formula (27). 



CN 




(11) (27) 



41 . The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (1 2) according to any one 
of claims 1 7, 1 8, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxy- 
alkanoate comprising a monomer unit of 3-hydroxy-4-(,4-fluorophenoxy)butyric acid utilizing 4-(4-fluorophenoxy) 
butyric acid in a medium containing 4-(4-fluorophenoxy)butyric acid of Formula (28). 



F 




(12) (28) 



42. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (1 3) according to any one 
of claims 17,18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxy- 
alkanoate comprising a monomer unit of 3-hydroxy-4-(3-fluorophenoxy)butyric acid utilizing 4-(3-fluorophenoxy) 
butyric acid in a medium containing 4-(3-fluorophenoxy)butyric acid of Formula (29). 




(13) (29) 



43. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (30) according to any one 
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of claims 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxyal- 
kanoate comprising a monomer unit of 3-hydroxy-5-phenylvaleric acid utilizing 5-phenylvaleric acid in a medium 
containing 5-phenylvaleric acid of Formula (31). 




(30) (31) 



44. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (32) according to any one 
of claims 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxyal- 
kanoate comprising a monomer unit of 3-hydroxy-6-phenylhexanoic acid utilizing 6-phenylhexanoic acid in a me- 
dium containing 6-phenylhexanoic acid of Formula (33). 




(32) (33) 



45. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (1 4) according to any one 
of claims 17, 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing a polyhy- 
droxyalkanoate comprising a monomer unit of 3-hydroxy-4-phenoxybutyric acid utilizing 4-phenoxybutyric acid in 
a medium containing 4-phenoxybutyric acid of Formula (34). 




(14) (34) 
46. The process of producing polyhydroxyalkanoate comprising a monomer unit of Formula (1 5) according to any one 
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of claims 1 7, 1 8, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing polyhydroxy- 
alkanoate comprising a monomer unit of 3-hydroxy-5-phenoxyvaleric acid utilizing 5-phenoxyvaieric acid in a me- 
dium containing 5-phenoxyvaleric acid of Formula (35). 




(15) (35) 



47. The process of producing poiyhydroxyalkanoate comprising a monomer unit of Formula (16) according to any one 
of claims 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing poiyhydroxyal- 
kanoate comprising a monomer unit of 3-hydroxy-5-(4-fluorophenoxy)valeric acid utilizing 5-(4-fluorophenoxy) 
valeric acid in a medium containing 5-(4-fluorophenoxy)valeric acid of Formula (36). 



F 




(16) " (36) 



48. The process of producing poiyhydroxyalkanoate comprising a monomer unit of Formula (37) according to any one 
of claims 1 8, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing poiyhydroxyal- 
kanoate comprising a monomer unit of 3-hydroxy-4-cyclohexylbutyric acid utilizing 4-cyclohexylbutyric acid in a 
medium containing 4-cyclohexylbutyric acid of Formula (38). 




(37) (38) 
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49. The process of producing polyhydroxyalkanoate comprising monomer units of Formulae (8) and (16) according to 
any one of claims 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing poly- 
hydroxyalkanoate comprising monomer units of 3-hydroxy-5-(4-fluorophenyl)valeric acid and 3-hydroxy-5-(4-fluor- 
ophenoxy)valeric acid utilizing 5-(4-fluorophenyl)valeric acid and 5-(4-fluorophenoxy)valeric acid in a medium con- 
taining 5-(4-fluorophenyl)valeric acid of Formula (25) and the 5-(4-fluorophenoxy)valeric acid of Formula (36). 



F 




(8) (16) 




50. The process of producing polyhydroxyalkanoate comprising monomer units of Formulae (15) and (17) according 
to any one of claims 17, 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of producing 
polyhydroxyalkanoate comprising monomer units of 3-hydroxy-5-phenoxyvaleric acid and 3-hydroxy-7-phenoxy- 
heptanoic acid utilizing 7-phenoxyheptanoic acid in a medium containing 7-phenoxyheptanoic acid of Formula (39). 
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10 




(15) (17) 

20 



25 




51. The process of producing polyhydroxyalkanoate comprising monomer units of Formulae (14), (18) and (19) ac- 
cording to any one of claims 17, 18, 24, 28 and 33, comprising a step of culturing a microorganism capable of 
30 producing polyhydroxyalkanoate comprising monomer units of 3-hydroxy-4-phenoxybutyric acid, 3-hydroxy-6-phe- 

noxyhexanoic acid and 3-hydroxy-8-phenoxyoctanoic acid utilizing 8-phenoxyoctanoic acid in a medium containing 
8-phenoxyoctanoic acid of Formula (40). 



35 



40 




(14) 

45 



50 



55 
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(IS) (19) 




0 (40) 

52. The process of producing polyhydroxyalkanoate comprising monomer units of Formulae (15), (17) and (20) ac- 
cording to any one of claims 17, 18, 24, 28 and 33, comprising a step of culturring a microorganism capable of 
producing polyhydroxyalkanoate comprising monomer units of 3-hydroxy-5-phenoxyvaleric acid, 3-hydroxy-7-phe- 
noxyhexanoic acid and 3-hydroxy-9-phenoxynonanoic acid utilizing 1 1 -phenoxyundecanoic acid in a medium con- 
taining 11-phanoxyundecanoic acid of Formula (41). 
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(17) (20) 



25 




(41) 



30 

53. Pseudomonas cichorii H45 } FERM BP-7374. 

54. Pseudomonas cichorii YN2, FERM BP-7375. 
35 55. Pseudomonas putida P91, FERM BP-7373. 

56. Pseudomonas jessenii P161, FERM BP-7376 

40 
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wherein A is represented by General Formula (2), B is at least one selected from the group consisting of monomer 
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wherein 

n has a value of 0 to 10, k has a value of 3 or 5, and R is at least one group selected from the group consisting of 
groups represented by General Formulae (5) to (7): 



R2 




(5) (6) (7) 



in Formula (5) 

R1 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and q is an integer selected from 1 to 8; 
in Formula (6) 

R2 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and r is an integer selected from 1 to 8; 
in Formula (7) 

R3 is a group selected from the group consisting of a hydrogen atom (H), halogen atoms, -CN, -N0 2 , -CF 3 , -C 2 F 5 and 
-C 3 F 7 ; and s is an integer selected from 1 to 8. 

The efficient production methods are also provided. 
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